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(57) A mobile communication system which per- 
forms a handover operation with high-reliability, while 
the system can flexibly cope with various circumstances 
in which a mobile station (11) is used, without changing 
a hardware structure. A plurality of radio base stations 
(12-1 to 12-N) form respective radio communication 
cells. Each of the radio base stations performs a radio 
channel setting control including a handover with 
respect to a call originated for the mobile station (11) 
located in one of the cells. An exchange (13) is con- 
nected to each of the radio base stations via a commu- 
nication link so that the exchange (13) performs a call 
process of the call in association wKh the radio channel 
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setting control performed by the radio base stations (12- 
1 to 12-N). After the call becomes a completed call and 
prior to a handover operation, a movement of the mobile 
station (1 1) from one of the cells in which the mobile sta- 
tion is located to another one of the cells adjacent to the 
one of the cells is predicted based on at least one of 
procedures of the radio channel setting control and the 
call process. When the movement is predicted so as to 
select candidate cells which are candidates of a trans- 
feree of the completed call, a free radio channel of the 
cells is acquired. A path connected to the acquired free 
radio channel is formed in the communication link. 
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Description 

BACKGROUND OF THE INVENTION 

1. The present invention relates to a nfiobiie com- 5 
munication system and. more particularly, to a 
mobile communication system in which a handover 

of a mobile station is performed when a completed 
call is originated while the mobile station is moving. 

2. Description of the Related Art 

In recent years, terminals of mobile communi- 
cation system are rapidly spreading due to liberali- 
zation of the market and application of high-level 
digital transmission techniques. Such terminals are 
further spread in response to development and 
widespread use of a system such as a personal 
handy phone system (PHS) which offers a low-cost 
mobile communication service. The development is 
directed to an application for satisfying versatile 
needs. Accordingly, when such a terminal Is used in 
a high-speed traffic system and when a completed 
call originates while a mobile station is moving, the 
number of times of handover of the call is increased 
as speed of movement of the mobile station 
increases. 

In a conventional mobile communication system, 
when the completed call is originated while a mobile 
station is moving, a mobile station (hereinafter referred 
to as a transferor cell) in which the completed call is cur- 
rently originating and a radio base station (hereinafter 
refenred to as a transferor base station) form a cell 
(radio zone) in which the mobile station is located. The 
mobile station and the base station cooperate with each 
other so as to measure transmission quality of the radio 3s 
transmission paths for adjacent cells or peripheral cells 
(hereinafter refenred to as the adjacent cells as a whole) 
which are candidates for the mobile station to be 
moved. The measurement based on an electric field 
intensity in addition to measurements of transmission 40 
quality in the transferor cell. The transferor base station 
conpares the measured transmission qualities, and 
performs a radio channel setting control operation nec- 
essary for resuming the current communication when 
the transmission quality of the transferor cell is higher 45 
than that of the adjacent cells. However, on the contrary, 
if the transmission quality of the adjacent cells is higher 
than that of the transferor cell, the transferor l>ase sta- 
tion determines the candidate of the adjacent cell (here- 
inafter referred to as an adjacent cell) to which the so 
mobile station will be moved by a handover based on a 
descending order of transmission quality. Additionally, 
the transferor base station sends a notification that the 
radio t>ase station forming the adjacent cell (hereinafter 
referred to as candidate base station) is set as a desti- ss 
nation for handover of the call. The notification includes 
necessary information as the transferee base station. 
On the other hand, upon recognition of the notifica- 



tion, the candidate base station seeks a radio channel 
which is currently available, and assigns the available 
channel to a call for the mobile station entering the can- 
didate base station. The candidate base station sends 
the result to the transferor base station, and starts a 
communication test through the assigned channel. It 
should be noted that the radio channel thus assigned is 
hereinafter referred to as a candidate channel. 

Additionally, the transferor base station discrimi- 
nates the notified candidate channel, and sends dis- 
crimination information of the radio channel (candidate 
channel) to the mobile station. 

Thereafter, the mobile station performs the above- 
mentioned communication test by cooperating with the 
candidate base station through the radio channel (can- 
didate channel) indicated by the discrimination informa- 
tion. If the communication test ends in a normal 
corxiition. the result is sent to the transferor base sta- 
tion. 

Upon the receipt of the completion of the communi- 
cation test from the mobile station, the transferor base 
station transfers the result to the transferee base sta- 
tion, and sends a notification to an exchange (hereinaf- 
ter referred to as a transferor exchange) which controls 
the transferor base station. The notification indicates 
the discrimination information (such as a mobile station 
number) corresponding to the call and the discrimina- 
tion information of the candidate channel. 

Thereafter, upon recognition of the alx>ve-men- 
tioned notification, the transferee base station performs 
a process for connecting the candidate channel to a cor- 
responding communication path of the call by cooperat- 
ing with an exchange (hereinafter referred to as a 
transferee exchange) which is controlled by the trans- 
feree exchange. The transferee base station sends to 
the transferor base station a notification which Indicates 
a completion of such process. 

Upon recognition of the notification, the transferor 
base station releases the radio channel which has been 
assigned to the corresponding call. 

As a result, the mobile station, which is moving to 
one of the candidate cells while maintaining communi- 
cation after the completed call is originated, can acquire 
such a candidate cell and a call assigned to the candi- 
date cell. Additionally, a radio transmission path used 
for a communication is positively reserved as long as a 
channel setting control is performed by cooperation of 
the transferor base station and the candidate base sta- 
tion t>ased on the above-mentioned procedure. 

Additionally, in the conventional PHS. a mobile sta- 
tion automatically recognizes that the mobile station is 
positioned dose to the outside of the transferor cell, and 
selects the candidate cell. Then, the mobile station 
directly sends to the candidate base station, which 
forms the candidate cell a request for handover (herein- 
after referred to as a handover request). 

The candidate base station achieves the handover 
by performing a process equivalent to the process per- 
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formed by the above-mentioned conventional system in 
cooperation with the transferor base station. 

Accordingly, a handover can be achieved in a city 
area in which a transmission characteristic of the trans- 
mission path rapidly deteriorates due to buildings s 
located between the mobile station and the transferor 
base station even when the mobile station, in which the 
completed call originates, is located within a short dis- 
tance from the transferor base station. 

However, in the above-mentioned conventional sys- io 
tern, the selection of the candidate cell is not performed 
until the mobile station reaches a position close to the 
outside of the transferor cell even when the transferor 
cell and the adjacent cell overlap with each other. Thus, 
when the mobile station moves at an extremely high is 
speed or the transmission characteristic of the transmis- 
sion path intensely fluctuates, there is a high probability 
that the handover is not normally performed. 

Additionally, in the PHS, upon recognition of the 
handover, the candidate base station confirms that the 20 
mobile station is the correct mobile station by perform- 
ing a proving test with respect to the mobile station 
which is a sender of the handover request. However, 
such a proving test requires a large amount of data 
processing in the candidate base station since a data- 2S 
base, which is previously and systematically con- 
structed with respect to each of the mobile stations 
accommodated in the system, must be referred to. 

Additionally, in the PHS, there is a high-possibility 
that the communication service is interrupted at a high 30 
frequency when the mobile station, which is an object of 
the handover, is moving at an extremely high speed 
since the PHS inherently has a small diameter cell and 
a reuse of a radio frequency is positively attempted. 
However, such a reduction in the cell diameter and 35 
reuse of the radio frequency is effective especially for 
positive relief from a dead zone in the city area and for 
positively and economically forming a cell which can 
maintain a high quality transmission characteristic. 
Accordingly, when the reduction in the cell diameter and 40 
the reuse of the radio frequency are attempted In mobile 
communication systems other than the PHS, there is a 
high-prot>ability that the communication service is inter- 
rupted in the same manner. 

45 

9UMMARY OF THE INVENTION 

It is a general object of the present invention to pro- 
vide an improved and useful mobile communication sys- 
tem' in which the above-mentioned problems are so 
eliminated. 

A more specific object of the present invention is to 
provide a mobile communication system which per- 
forms a handover operation with high-reliability, while 
the system can flexibly cope with various circumstances ss 
in which a mobile station is used, without changing a 
hardware structure of the mobile communication sys- 
tem. 



In order to achieve the above-mentioned objects, as 
shown in FIG.1, there is provided according to one 
aspect of the present invention a mobile communication 
system comprising: 

a plurality of radio base stations (12-1 to 12-N) 
forming respective radio communication zones 
according to one of a small zone structure and a 
sector structure, each of said radio base stations 
performing a radio channel setting control including 
a handover with respect to a call originated for a 
mobile station (11) located m one of said radio com- 
munication zones: and 

an exchange (13) connected to each of said radio 
t>ase stations via a communication link so that said 
exchange performs a call p)rocess of said call in 
association with the radio channel setting control 
performed by said radio base stations (12-1 to 12- 
N). 

said mobile communication system being 
characterized by: 

a moment predicting unit (14) which predicts, after 
said call becomes a completed call and prior to a 
handover operation, a rrK>vement of said mobile 
station from one of said radio communication zones 
in which said mobile station (11) is located to 
another one of said radio communication zones 
adjacent to said one of said radio communication 
zones, a prediction of said movement being per- 
formed based on at least one of procedures of the 
radio channel setting control and tiie call process; 
and 

a candidate zone selecting unit (15) which is acti- 
vated when said movement is predicted by said 
moment predicting unit (14) so as to select candi- 
date radio communication zones which are candi- 
dates of a trarsferee of said completed call, said 
candidate zone selecting unit acquiring a free radio 
channel of said candidate radio communication 
zones, said carrdidate zone selecting unit forming a 
path connected to said acquired free radio channel 
in said communication link. 

According to the atx>ve-mentioned invention, since 
the path connected to radio channel to be used to con- 
tinue a communication in the candidate radio communi- 
cation zone which is a candidate of a transferee of the 
corresponding completed call is formed prior to a start 
of a radio channel setting control and a call process 
which are related to a handover of the communication 
channel, the radio channel setting control and the call 
process which are actually started to achieve the 
handover of the comnuinication channel are simplified 
and the response is speeded up. 

Additionally, as shown in FIQ.1, there is provided 
according to another aspect of the present invention a 
mobile communication system comprising: 
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a plurality of radio base stations (12-1 to 12-N) 
forming respective radio communication zones 
according to one of a small zone structure and a 
sector structure, each of said radio base stations 
performing a radio channel setting control including 5 
a handover with respect to a call originated for a 
mobile station (11) located in one of said radio com- 
munication zones; and 

an exchange (13) connected to each of said radio 
base stations via a communication link so that said 10 
exchange performs a call process of said call in 
association with the radio channel setting control 
performed by said radio base stations, 
said mobile communication system being 
characterized by: 15 
a moment predicting unit (14) which predicts, after 
said call becomes a completed call and prior to a 
handover operation, a movement of said mobile 
station from one of said radio communication zones 
in which said mobile station is located to another 20 
one of said radio communication zones adjacent to 
said one of said radio communication zones, a pre- 
diction of said movement being performed based 
on at least one of procedures of the radio channel 
setting control and the call process; and 25 
a candidate zone selecting unit (21) which is acti- 
vated when said movement is predicted by said 
moment predicting unit (14) so as to select candi- 
date radio communication zones which are candi- 
dates of a transferee of said completed call, said 30 
candidate zone selecting unit forming a path corre- 
sponding to said communication link to said candi- 
dates of a trar^feree, 

wherein each of said radio base stations (1 2- 
1 to 12-N) includes means for determining whether 3S 
or not said transferee corresponds to one of said 
radio communication zones during a process of a 
handover of said completed call and for acquiring a 
free radio channel of said one of said candidate 
radio communication zones when a result of a 40 
determination is affirmative, said means connecting 
said acquired free radio channel to the communica- 
tion link formed by said candidate zone selecting 
unit. 



According to the above-mentioned invention, since 
a process for forming the path is performed with respect 
to only the candidate radio communication zone which 
becomes a transferee, a path is not necessarily formed 
for the candKlate radio communication zone which does so 
not become a transferee. Thus, an amount of process 
needed for a handover is reduced. 

Additionally as shown In FIG. 2. there is provided 
according to another aspect of the present invention a 
mobile communication system comprising : 55 

a mobile station (31) which can be located in one of 
a plurality of radio oommunication zones according 
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to a small zone structure or a sector structure; 
a plurality of radio base stations (32-1 to 32-N) 
forming said respective radio communication 
zones, each of said radio base stations performing 
a radio channel setting control including a handover 
with respect to a call originated for said mobile sta- 
tion (31) located in one of said radio communication 
zones; and 

an exchange (33) connected to each of said radio 
base stations via a communication link so that said 
exchange performs a call process of said call in 
association with the radio channel setting control 
performed by said radio base stations, 
said rrx>bile communication system being 
characterized by: 

a candidate zone notification unit (35) which 
selects, after said call becomes a completed call, 
candidate radio communication zones which are 
candidates of a transferee of the completed call so 
as to announce the candkfate radio communication 
zones to said mobile station: and 
a candidate zone selecting unit (36) which acquires 
a free radio channel of the candidate radio commu- 
nication zones selected by said candidate zone 
selecting unit when a request is provided from said 
mobile station, and forms a path connected to said 
radio channel in said communication link. 

wherein said mobile station includes a 
moment predicting unit (37) which predicts a move- 
ment of said mobile station from one of said radio 
communication zones in which said mobile station 
is located to another one of said radio communica- 
tion zones adjacent to said one of said radio com- 
munication zones, and when a result of a prediction 
indicates one of the candidate radio communication 
zones announced by said candidate zone notifica- 
tion unit (35), said moment predicting unit (37) pro- 
vides the result to said candidate zone selecting 
unit as said request. 

According to the above-mentioned invention, a 
moment when the carujidate radio frequency zones are 
selected is provided by the mobile station (31). Since 
the path connected to a radio channel to be used to con- 
tinue a communication in the candidate radio communi- 
cation zone which is a candidate of a transferee of the 
corresponding completed call is formed prior to a start 
of a radio channel setting control and a call process 
which are related to a handover of the communication 
channel, the radio channel setting control and the call 
process which are actually started to achieve tiie 
handover of the communication channel are simplified 
and the response is speeded up. 

Additionally, as shown in FIQ.2. there is provided 
according to another aspect of the present invention a 
mobile communication system comprising: 

a mobile station (31) which can be located in one of 
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a plurality of radio communication zones according 
to a small zone structure or a sector structure; 
a plurality of radio base stations (32-1 to 32-N) 
forming said respective radio communication 
zones, each of said radio base stations performing s 
a radio channel setting control including a handover 
with respect to a call originated for said mobile sta- 
tion (31 ) located in one of said radio communication 
zones; and 

an exchange (33) connected to each of said radio 
base stations via a communication link so that said 
exchange performs a call process of said call in 
association with the radio channel setting control 
performed by said radio base stations, 
said mobile communication system k>etng 
characterized by: 

a candidate zone notification unit (35) which 
selects, after said call becomes a completed call, 
candidate radio communication zones which are 
candidates of a transferee of the completed call so 
as to announce the candidate radio communication 
zones to said mobile station (31); and 
a candidate zone selecting unit (41) which selects 
the carKlidate radio communication zones selected 
by said candidate zone notification unit (35) when a 
request is provided from said mobile station (31). 
and forms a communication link to the radio base 
station in said candidate radio communication 
zone, 

wherein said mobile station (31) includes a 
moment predicting unit (37) which predicts a move- 
ment of said mobile station from one of said radio 
communication zones in which said mobile station 
is located to another one of said radio communica- 
tion zones adjacent to said one of said radio com- 
munication zones, and when a result of a prediction 
indicates one of the candidate radio communication 
zones announced by said candidate zone notifica- 
tion unit (35), said moment predicting unit (37) pro- 
vides the result to said candidate zone^ selecting 
unit as said request; and 

each of said radio base stations (32-1 to 32-N) 
includes means for determining whether or not said 
transferee corresponds to one of sard radio commu- 
nication zones during a process of a handover of 
said completed call and for acquiring a free radio 
channel of saki one of said candklate radio oommu- 
. • • nication zones when a result of a determination is 
affirmative, said means connecting said acquired 
free radio channel to the communication link 
formed by said candkiate zone selecting unit (41). 

According to the at>ove-mentioned invention, since 
a process for forming the path is performed with respect 
to only the candidate radio communication zone which 
becomes a transferee, a path is not necessarily formed 
for the candklate radio communication zone which does 
not become a transferee. Thus, a total amount of proc- 
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ess needed for a handover is reduced. 

The above-mentioned mobile communication sys- 
tems may further comprise a moving pattern storing unit 
(51) in which a moving pattern is previously registered, 
said moving pattern irxJicated by a permutation of dis- 
crimination information with respect to said radio com- 
munication zones through which one of a railway or a 
road crosses, 

wherein said candidate zone selecting unit 
selects, as said candidate radio communication zones, 
subsequent radio communication zones indicated by a 
moving pattern having a high correlation with said mov- 
ing pattern registered in said moving pattern storing 
unit, the nrxjving pattern having a high correlation corre- 
sponding to a train of discrimination information includ- 
ing a current radio communrcation zone in which saki 
mobile station (11,31) is currently located and a previ- 
ous radio communication zone in which said mobile sta- 
tion was previously located. 

According to the above-mentioned irrvention. since 
the carxJidate radio communication zones are selected 
from the radio communication zones which are formed 
along a path along which the rrxibile station in which a 
completed call is originated is moving in addition to a 
change in a transmission quality such as an electric f iekJ 
intensity, the candidate radio communication zone can 
be accurately selected before the motnle station moves 
to a periphery of the radio communication zone in which 
the mobile station is currentiy located. Additionally, even 
when the transmission quality is extremely deteriorated 
due to a fluctuation of a transmission characteristic of 
the radio transmission path, the candidate radio com- 
munication zone become a transferee radio communi- 
cation zone with a high probability. 

Alternatively, the above-mentioned mobile commu- 
nication system may further comprise a moving pattern 
storing unit (61) in whk^h a moving pattern announced 
t>y a subscriber of said mobile station (11. 31) is previ- 
ously registered, sad moving pattern indicated by a per- 
mutation of discrimination information with respect to 
said radio communication zones through which one of a 
railway or a road crosses so that said mobile station 
moves along said one of the railway or the road with a 
high probability, 

wherein said candklate zone selecting unit 
selects, as saki candkiate radio communication zones, 
subsequent radio communication zones irKficated by a 
moving pattern having a high correlation with said mov- 
ing pattern registered in said moving pattern storing 
unit, the moving pattern having a high correlation corre- 
sponding to a train of discrimination information includ- 
ing a current radio communk:ation zone in which saki 
mobile station is currentiy located and a previous radio 
comnruinication zone in which said mobile station was 
previously located. 

According to this invention, since the candidate 
radio communication zone is selected t>ased on the 
moving pattern indicated by a permutation of discrimi- 
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nation information with respect to the radio comnnunica- 
tion zones formed along the path along which the 
mobile station (11) is frequently moves, the candidate 
radio communication zone can be selected and 
becomes the transferee radio communication channel 5 
with a high probability. Additionally, with respect to a 
process for selecting the candidate radio communica- 
tion zone, as long as the path along which the mobile 
station Is nroving corresponds to one of the moving pat- 
terns registered in the moving pattern storing unit (61). w 
an amount of information of nx)ving patterns to be 
searched for in the process is reduced, and a response 
can be speeded up. Further, a probability of the selec- 
tion of the candidate radio communication zone can be 
increased by using the moving pattern corresponding to 15 
the subscriber. 

Additionally, the above-mentioned mobile commu- 
nication systems may further comprise a moving pat- 
tern history unit (71) which obtains a history of the radio 
communication zones in which said mobile station is 20 
located from among said plurality of radio communica- 
tion zones so as to record the history as a train of dis- 
crimination information with respect to the radio 
communication zones without cooperating with said 
mobile station. 25 

wherein said candidate zone selecting unit 
selects, as said candidate radio communication zones, 
subsequent radio communication zones indicated by a 
moving pattern having a high correlation with a moving 
pattern recorded in said moving pattern history unit with 30 
respect to a mobile station in which a completed call is 
originated, the moving pattern having a high correlation 
con-esponding to a train of discrimination information 
irKluding a current radio communication zone in which 
said mobile station is currently located and a previous 3s 
radio communication zone in which said mobile station 
was previously located. 

According to this invention, since the moving pat- 
tern registered in the moving pattern history unit (71) is 
updated as a history which conforms to an actual mov- 40 
Ing path of the mobile station, the prok^abiilty of the can- 
didate radio communication zone, which is selected by 
the candidate zone selecting unit, becoming the trans- 
feree radio communication zone is increased. 

Additionally, the above-mentioned mobile commu- 45 
nication systems may further comprise a moving pat- 
tern history unit (81 ) which obtains a history of the radio 
communication zones in which said mobile station is 
located from among said plurality of radio communica- 
tion zones so as to record the history as a train of dis- so 
crimination information with respect to the radio 
connmunication zones by coop^ating with said mobile 
station, 

wherein said candidate zone selecting unit 
selects, as said candidate radio communication zones, ss 
sut)sequent radio communication zones indicated by a 
nnoving pattern having a high correlation with said mov- 
ing pattern recorded in said moving pattern history unit 



with respect to a mobile station in which a completed 
call is originate, the moving pattern having a high corre- 
lation corresponding to a train of discrimination informa- 
tion including a current radio communication zone in 
which said mobile station is currently located and a pre- 
vious radio communication zone in which said motile 
station was previously located. 

According to this invention, since the moving pat- 
tern registered in the moving pattern history unit (81) is 
updated as a history which conforms to an actual mov- 
ing path of each mobile station, the probability of the 
candidate radio communication zone, which is selected 
by the candidate zone selecting unit, becoming the 
transferee radio communication zone is increased as 
compared to the mobile communication system win 
which the moving pattern is commonly set for all mobile 
stations. 

Additionally, the above-mentioned mobile commu- 
nication systems may further comprise a shift probabil- 
ity storing unit (91) which stores a provability to become 
a radio communication zone to be handover with 
respect to each of said plurality of radio communication 
zones, the probability being previously obtained by a 
simulation or an actual measurement based on a distri- 
bution of at least one of a road and a railway and a dis- 
tribution of a traffic of said mobile station in at least one 
of the road and the railway. 

wherein said candidate zone selecting unit 
includes means for excluding a candidate radio commu- 
nication zone having the probability less than a prede- 
termined lower limit value from among the probabilities 
registered in said shift probability storing unit or provid- 
ing a higher priority as the probability of shift is higher. 

According to this invention, since the radio commu- 
nication zone into which the mobile stations are concen- 
trated is selected with a priority, a probability of thus 
selected candidate radio communication zone becom- 
ing a transferee radio communication zone is increased. 

Additionally, the ak)ove-mentioned mobile commu- 
nication systems may further comprise an adjacent 
zone storing unit (101) in which discrimination informa- 
tion of the radio communication zones adjacent to each 
of said plurality of radio communication zones is regis- 
tered, 

wherein said candidate zone selecting unit 
includes means for determining whether or not the 
selected carxtidate radio communication zone corre- 
sponds to a radio communication zone adjacent to a 
radio communication zone which is a transferee so as to 
exclude a candidate radio conmminication zone to which 
a negative result of a determination is made. 

According to this invention, since only the radio 
communication zone which is adjacent to the radio com- 
munication zone is selected from among the candidate 
radio communication zones selected by the candidate 
zone selecting unit is selected as a normal candidate 
radio communication zone, the resources is not unnec- 
essarily acquired when there are some en-ors in the 
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subscriber's announcement or the history. Thus, the 
normal candidate radio communication zone becomes 
a transferee radio communication zone with a high 
probability. 

Additionally, the above-mentioned nrK)bile commu- s 
nication systems may further conrprise a zone structure 
storing unit (111) in which a correspondence between 
each of said plurality of radio communication zones and 
an exchange controlling radio base stations forming the 
respective radio communication zones is previously io 
stored. 

wherein said candidate zone selecting unit 
includes means for selecting, from among the selected 
candidate radio communication zones, a candidate 
radio communication zone formed by a radio base sta- is 
tion controlled by an exchange which is different from an 
exchange having a radio base station forming a radio 
communication zone corresponding to a transferee by 
referring to the correspondence stored in said zone 
structure storing unit so as to exclude remaining candi- 20 
date radio communication zones other than said candi- 
date radio communication zone based on an attribute of 
a completed call obtained based on at least one of the 
radio channel setting control and the call process. 

According to this invention, since a determination is 2S 
made as to whether or not the radio communication 
zone, which Is formed by a radio base station controlled 
by the same exchange with the exchange having a radio 
communication zone in which the mobile station is cur- 
rently located, is selected as a candidate radio oommu- 30 
nication zone based on an attribute of the completed 
call, the system can flexibly cooperate with an allowable 
upper limit of an amount of process or a required serv- 
ice quality with respect to a handover. 

In the above-mentioned invention, the attribute of 3S 
the completed call of which candidate radio communi- 
cation zone is to be excluded may be a service quality 
required for the completed call which should be less 
than a predetermined threshold value. 

Accordingly, a selection of the candidate radio com- 40 
municatlon zone only over different exchanges can be 
performed for calls which require a relatively lower serv- 
ice quality. 

Additionally, the above-mentioned mobile commu- 
nication systems may further comprise an adjacent 4S 
zone storing unit (101) in which discrimination infomna- 
tion with respect to each of said plurality of radio com- 
munication zones is stored. 

wherein said candidate zone selecting unit deter- 
mines whether or not a service quality required for the so 
completed call is greater than a predetermined thresh- 
old level so as to obtain all of radio communication 
zones adjacent to the radio communication zone in 
which said mobile station having a completed call is 
located when a result of a determination is affirmative, ss 
said candidate zone selecting unit selecting the 
obtained radio communication zones as the candidate 
radio communication zones. 



According to this invention, since all adjacent zones 
are selected as the candidate radio communication 
zones based on the above-mentioned simple operation 
with respect to a completed call which requires a high 
service quality, a probability of handover being normally 
performed in relation to a service quality can be 
increased. 

Additionally, in the mobile communication systems 
according to the present invention, an asynchronous 
transfer mode may be applied to said communication 
link, anti said candidate zone selecting unit may logi- 
cally form a path without occupying transmission band 
of said communication link, 

wherein said radio k»ase station and said 
exchange include means for acquiring a transmission 
band of a path formed by saki candidate zone selecting 
unit with respect to the candkiate radio communication 
zone which corresponds to a transferee of the com- 
pleted call based on procedures of the radio channel 
setting control and the call process. 

Accordingly, since the transmission band of the 
candkiate communication zone is not occupied unless 
the candidate radio communication zone becomes a 
transferee, an efficiency of use of the communication 
link is increased and an amount of process needed for a 
handover is reduced. 

In the above-mentioned invention, sakl radio base 
station and said exchange may include means for deter- 
mining whether or not the candkiate radio communica- 
tion zone selected by sakI candidate zone selecting unit 
has a possibility to become a transferee of a completed 
call based on the procedures of the radio channel set- 
ting control and the call process so as to release the 
acquired transmission band of a path of a candidate 
radio communication path to which a negative result of 
a determination is made. 

Accordingly, since the transmission band of the 
carxiidate radio communication zone which did not 
become a transferee is avoided to be unnecessarily 
occupied, the efficiency of use of the communication 
link is further increased. 

Additionally, in the mobile communication systems 
according to the present invention, said exchange may 
include means for obtaining a priority of services 
required for a completed call based on the procedure of 
the call process, and said candidate zone selecting unit 
may include means for setting a higher value to an 
upper limit value of a number of selectable candidate 
radio communication zones with respect to sakI com- 
pleted call as the priority obtained by said exchange is 
increased. 

Accordingly, the probability of the candidate radio 
comnuinication zone becoming a transferee zone is 
increased as the call has a higher priority. Additionally, 
since it is avoided to select many candkiate radio com- 
munication zones with respect to a completed call hav- 
ing a low priority, the resources such as each radio 
conrununication zone or a patii corresponding to a radio' 
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channel of the radio communication zone can be effi- 
ciently used in accordance with their priority. 

Addrtionally, in the mobile communication systems 
according to the present invention, said exchange may 
include means for obtaining a service quality required 
for a completed call based on the procedure of the call 
process, and said candidate zone selecting unit may 
include means for setting a higher value to an upper 
limit value of a number of selectable candidate radio 
communication zones v^ith respect to said completed 
call as the service quality obtained by said exchange is 
increased. 

Accordingly, since it is avoided to select many can- 
didate radio communication zones with respect to a 
completed call to which a low transmission quality is 
requested, the resources such as each radio communi- 
cation zone or a path corresponding to a radio channel 
of the radio communication zone can be efficiently used 
in accordance with their transmission quality. 

Additionally, in the mobile communication systems 
according to the present invention, said exchange nnay 
include means for obtaining an amount of resources 
assigned to a completed call, and said candidate zone 
selecting unit may include means for setting a higher 
value to an upper limit value of a number of selectable 
candidate radio communication zones with respect of 
said completed call as the anriount of resources 
obtained by said exchange is increased. 

Accordingly, since the number of candidate radio 
communication zones selected for a completed call is 
increased as the amount of resources assigned to the 
completed call is increased, a high level or complex 
service can be provided by using such resources and a 
handover of a completed call to which a large transmis- 
sion capacity is assigned can be efficiently performed 
with a high probability. 

Additionally, in the mobile communication systems 
according to the present invention, said exchange nnay 
include means for obtaining an amount of resources 
assigned to a completed call, and said candidate zone 
selecting unit may include means for setting a lower 
value to an upper limit value of a number of selectable 
candidate radio communication zones with respect to 
said completed call as the amount of resources 
obtained by said exchange is increased. 

Accordingly, sirtce it is avoided to select many can- 
didate radio comnnjnication zones with respect to a 
completed call having a large anx>unt of resources 
assigned thereto, an amount of process for setting a 
path with respect to the candidate radio communication 
zones and an increase of the amount of resources 
assigned to the path can be reduced. 

Addrtionally. in the mobile communication systems 
according to the present invention, said exchange may 
include means for measuring its call incompletion rate 
of probability, and said candidate zone selecting unit 
may set a lower value to an upper limit value of a 
number of selectable candidate radio communication 



zones with respect to said completed call as the rate of 
probability measured by said exchange is increased. 

Accordingly, since an amount of resources used for 
a handover is decreased as the rate of probability is 

5 increased, an increase of the rate of prol>ability and an 
acceleration of a congestion can be reduced. 

Additionally, in the mobile communication systems 
according to the present invention, said exchange may 
include means for measuring a level of its own conges- 

10 tion. and said candidate zone selecting unit may set a 
lower value to an upper limit value of a nunrlber of 
selectable candidate radio communfcation zones with 
respect to said completed call as the level of congestion 
measured by said exchange is increased. 

15 Accordingly, since an amount of resources used for 
a handover is decreased as a level of the congestion is 
increased, an acceleration of the congestion and a 
delay of escape from the congestion can be reduced. 
Additionally, the mobile communication systems 

20 according to the present invention may further comprise 
a nxsving speed measuring unit (121) which measures a 
speed of movement of said mobile station in which a 
completed call is originated. 

wherein said candidate zone selecting unit sets a 

25 higher value to an upper limit value of a number of 
selectable candidate radio communication zones with 
respect to said completed call as the speed measured 
by said moving speed measuring unit is increased. 
When a speed of the mobile station is high and a 

30 handover is performed with respect to a radio communi- 
cation zone other than the candidate radio communica- 
tion zones, the probability of failure of the handover may 
be increased since the handover process of the radio 
channel cannot be completed in time as is in the con- 

35 ventional system. Accordingly, a probability of one of the 
candidate radio communication zones becoming a 
transferee is increased by increasing the upper limit 
value of the number of selectat>le candidate radio com- 
munication zones. 

40 Additionally, the mobile communication systems 
according to the present invention may further comprise 
a transmission quality measuring unit (131) which 
measures a transmission quality at a predetermined fre- 
quency with respect to a completed call, 

45 wherein said moment predicting unit predicts 

whether said mobile station in which said completed call 
is originated moves to one of the adjacent radio commu- 
nication zones when the trarsnrtission quality is meas- 
ured by said transmission quality measuring unit. 

so Accordingly, since the candidate zone selecting unit 
can start a process for selecting the candidate radio 
communication zones each time the transmission qual- 
ity measuring unit (131) measures a transmission qual- 
ity, the process can be performed in accordance with a 

55 transmission quality of the corresponding completed 
calls. 

Additionally, the mobile communication systems 
according to the present invention may furth^ comprise 
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a transmission quality measuring unit which measures a 
transmission quality at a predetermined frequency with 
respect to a completed call, 

wherein said moment predicting unit predicts that 
said mobile station in which said completed call is gen- 5 
erated moves to one of the adjacent radio communica- 
tion zones when the transmission quality of a current 
radio communication zone is less than a predetermined 
threshold value or when the transmission quality of one 
of the adjacent radio communication zones Is greater 
than the predetermined threshold value. 

Accordingly, since the candidate zone selecting unit 
can defer a start of the process for selecting the candi- 
date radio communication zones until the transmission 
quality of the current radio communication zone meas- 
ured by the transmission quality measuring unit (131) 
becomes less than the threshold value or until the trans- 
mission quality of an adjacent radio communication 
zone exceeds the previously set threshold value, an 
amount of process can be reduced as long as the 
threshold values are appropriately set to the zone struc- 
ture. 

Additionally, the mobile communication systems 
according to the present invention may further comprise 
a transmission quality measuring unit (141) which 
measures a transmission quality and a rate of change in 
the transmission quality at a predetermined frequency 
with respect to a completed call. 

wherein said moment predicting unit predicts a 
moment when said motile station in which said com- 
pleted call is generated moves to one of the adjacent 
radio communication zones when the transmission 
quality of a current radio communication zone is less 
than a predetermined threshold value and based on the 
rate of change measured by said transmission quality 
measuring unit or when the transmission quality of one 
of the adjacent radio communication zones is greater 
than the predetermined threshold value and base on the 
rate of change measured by said transmission quality 
measuring unit. 

Accordingly, since the candidate zone selecting unit 
can defer a start of the process for selecting the candi- 
date radio communication zones until the transmission 
quality of the current radio communication zone meas- 
ured by the transmission quality measuring unit (141) 
becomes less than the threshold value or until the trans- 
mission quality of an adjacent radio communication 
zone exceeds the previously set threshold value and the 
moment predicting unit performs a prediction based on 
the rate of change, an amount of process can be 
reduced as long as the threshold values are appropri- 
ately set to the zone structure. Additionally, a frequency 
to measure the transmission quality by the transmission 
quality measuring unit (141) can be decreased until the 
transmission quality of the current radio communication 
zone becomes less than the threshold value or until the 
transmission quality of the adjacent radio communica- 
tion zone exceeds the threshold value. 



Additionally, the mobile communication systems 
according to the present Invention may further corrprise 
a moving speed measuring unit (151) which measures a 
speed of movement of said mobile station in which a 
completed call is originated. 

wherein said moment predicting unit predicts a 
moment of movement of said mobile station to one of 
the adjacent radio communication zones to be earlier as 
the speed measured by said moving speed measuring 
unit Is increased. 

Accordingly, since the candidate zone selecting unit 
can select the candidate radio' communication zones 
earlier as the speed of movement of the mobile station 
in which a completed call is originated is increased, the 
process for selecting the candidate radio communica- 
tion zones and the process for acquiring a radio channel 
of the candidate radio " communication zones can be 
performed with a high probability even if the radio com- 
munication zones are small or the speed of the move- 
ment of the mobile station Is high. 

Additionally, the mobile communication systems 
according to the present invention may further comprise 
a distance storing unit (161) in which a geographic dis- 
tance between adjacent radio communication zones for 
all combinations of two radio communication zones In 
said plurality of radio communication zones, 

wherein said radio t^ase station and said 
exchange comprise means for releasing a path formed 
by said candidate zone selecting unit, the path being 
formed for a candidate radio communication zone hav- 
ing the distarK:e registered in said distance storing unit 
as a combination of radio communication zones corre- 
sponding to a transferee which is greater than a prede- 
termined threshold value from among candidate radio 
communication zones selected by said candidate zone 
selecting unit. 

Accordingly, since a previously formed path is 
released, if necessary, with respect to a candidate radio 
communication zone, which cannot become a trans- 
feree under the zone structure In a handover for a com- 
pleted call, from among the candidate radio 
communication zones, an efficiency of use of the com- 
munication link provided between the radio base station 
and the exchange is increased. 

Additionally. In the mobile communication systems 
according to the present invention, said exchange may 
include means for determining whether or not a trans- 
feree of said rhobile station corresponds to one of the 
carKlidate radio communication zones selected by said 
candidate zone selecting unit In a process of a handover 
of the completed call so as to use a communication link 
set to the carKlidate radio communication zone for a call 
or a handover when a result of a determination is nega- 
tive. 

Accordingly, the previously set free candidate path 
is reserved without being released so that the reserved 
free candidate path can be used for a new call origi- 
nated for other mobile stations or a handover for other 
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mobile stations, which results in an increase in an effi- 
ciency of the system. Thus, a time for setting a new path 
can be saved. 

Additionally, in the mobile communication systems 
according to the present invention, said exchange may s 
include means for determining whether or not a trans- 
feree of said mobile station corresponds to one of the 
candidate radio communication zones selected by said 
candidate zone selecting unit in a process of a handover 
of the completed call so as to determine whether a io 
method for releasing or a method for storing is applied 
to a communication link set to the candidate radio com- 
munication zone when a result of a determination is 
negative. 

Accordingly, all of the free candidate paths are not is 
registered, but some of the free candidate paths are 
released when a ratio of the free candidate paths to be 
registered to all of the free candidate paths is large so 
as to prepare for a use for other purposes. Thereby, an 
occurrence of a condition can be prevented in which too 20 
many free candidate paths are registered which condi- 
tion influences a regular path setting operation. 

Additionally. In the mobile communication systems 
according to the present invention, said exchange may 
include means for determining whether to acquiring a 2S 
radio channel after a completion of a setting of a com- 
munication link by said candidate zone selecting unit or 
to perform a handover without waiting for the completion 
of the setting of tiie communication link when a harxJo- 
ver request is generated by said mobile station during a 30 
setting operation of the communication link by said can- 
didate zone selecting unit. 

Accordingly, when a request for a handover is gen- 
erated while the wire link is being set, a selection can be 
made whether to use tiie method according to the 35 
present invention or a converrtional method. Thus, a 
conventional method can be used when a patii setting 
operation according to the conventional method is faster 
than the method according to the present invention. 

Additionally, in tiie mobile communication systems 40 
according to the present invention, said exchange may 
predict a time when a setting of the communication link 
is corrpleted by said candidate zone selecting unit and 
a time when a handover request is generated, and when 
it is determined that the time when the setting of the 45 
communication link and the time when the handover 
request is generated are short, said exchange performs 
a handover and otherwise said exchange performs a 
setting of the communication link prior to a handover. 

Although a setting of a wire path prior to a handover so 
is to reduce a time period required for the handover, 
there may be a case in which the time period is not 
reduced. Thus, when a time for completing the setting 
operation of the communication link is earlier than the 
time of occurrence of the harxlover, the system is 55 
switched to use a conventional method since this corre- 
sponds to the above-mentioned case. 

Additionally, in the mobile communication systems 



according to the present invention, said exchange may 
not perform a setting of a communication link by said 
candidate zone selecting unit when a level of use of its 
own resources exceeds a predetermined threshold 
value. 

That is. the ratio of the actually used band to the 
communication band assigned to a path is calculated, 
and a means is provided for stopping a setting of a com- 
munication link prior to a handover based on the 
metiiod according to Ihe present invention when the 
ratio exceeds the threshold value. Additionally, a CPU or 
a radio channel may be used as resources of the 
exchange when the exchange monitors a rate of use of 
the radio channel. In such a case, the exchange may 
monitors a rate of use of the CPU or the rate of use of 
the radio channel so that the setting of the communica- 
tion link is stopped prior to a handover based on the 
method according to the present invention when the 
ratio exceeds the tiireshokJ value. Thereby, the limited 
resources can be efficientiy used. 

Other objects, features and advantages of the 
present invention will become more apparent from the 
following detailed description when read in conjunction 
with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram for explaining a principle of 
a first embodiment of the present invention; 
FIG.2 is a block diagram for explaining a principle of 
a second embodiment of the present invention; 
FIG.3 is an illustration of a mobile communication 
system according to a first embodiment of the 
present invention; 

FIG.4 Is a flowchart of an operation of tiie first 
embodiment; 

FIG.5 is a flowchart of a process procedure of a 
handover performed in the first enrtbodiment; 
FiG.6 is an illustration for indicating zone structure; 
FIG.7 is an illustration indicating a structure of a 
path status management table; 
FIG.8 is an illustration indicating a structure of a 
moving pattern tatHe; 

FIG.9 is an illusta-ation indicating a structure of a 
subscriber responsive moving pattern table; 
FIG. 10 is a flowchart of an operation of a mobile 
communication system according to a third embod- 
iment of the present errtoodiment; 
FIG. 11 is an illustration indicating a structure of a 
moving pattern table; 

FIG. 12 is a part of a flowchart of an operation of a 
fourth embodiment according to the present inven- 
tion: 

FIG. 13 is an illustration indicating a structure of an 
adjacent cell table: 

FIG. 14 is a flowchart of an operation of a seventh 

embodiment of tiie present invention; 

FIG. 15 is a flowchart of an operation of an eighth 
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embodiment of the present invention; 
FIG. 16 is a flowchart of an operation of an eleventh 
embodiment of the present invention; 
FIG. 17 is a flowchart of an operation of a twelfth 
embodiment of the present invention; 5 
FIG. 18 is a flowchart of an operation of a thirteenth 
embodiment of the present invention; 
FIG. 19 is an illustration indicating a structure of a 
cell distance table; 

FIG.20 is a flowchart of an algorithm for selecting a io 
candidate cell base on a combination of a plurality 
of criteria; 

FIG.21 is a part of a flowchart of an operation per- 
formed in fourteenth to eighteenth embodiments of 
the present invention; is 
FIG.22 is a part of a flowchart of an operation per- 
formed in fourteenth to eighteenth embodiments of 
the present invention; 

FIG.23 is a part of a flowchart of an operation per- 
formed in fourteenth to eighteenth embodiments of so 
the present invention; 

FtG.24 is a chart of explaining a new call process; 
F1G.25 is an illustration indicating a structure of a 
free candidate path management process; 
FIG.26 is a flowchart of an operation of a fifteenth 25 
embodiment of the present invention; 
FIG.27 is an illustration of a structure of a path sta- 
tus management table; 

FIG.28 is an illustration of an operation performed 
in a fourteenth embodiment of the present inven- 30 
tion; and 

FIG.29 is a fbwchart of an operation performed in 
an eighteenth embodiment of the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED 35 
EMBODIMENTS 

A description will now be given in detail, with refer- 
ence to the drawings, of modes of carrying out the 
present invention. 40 

FIG.3 is an illustration of a mobile communication 
system according to a first embodiment of the present 
invention. 

In FIG.3, radio base stations 233-1 to 233-N, each 
of wNch forms respective one of a plurality of cells 232- 4S 
1 to 232-N in which a mobile station 231 can be located, 
are connected to corresponding paths in a mobile 
exchange 235 via transmission paths 234-1 to 234-N. 
The mobile exchange 235 is connected to a public tele- 
phone network. so 

The mobile exchange 235 comprises radio trunks 
236-1 to 236-N. trunks 237-1 to 237-N. a switch 238. a 
processor 241. The radio trunks 236-1 to 236-N are 
connected to the radio base stations 233-1 to 233-N via 
the transmission paths 234-1 to 234-N. respectively, ss 
The trunks 237-1 to 237-N are provided between the 
radio trunks and the public telephone network on an 
each line basis. The switch 238 has a plurality of ports 
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each of which is connected to a respective one of the 
radio trunks 236-1 to 236-N and the trunks 237-1 to 
237-N. The processor 241 is connected to the switch 

238 via a communication link 239, and includes a data- 
base (DB) 240 in which station information is stored. 

> It should be noted that the correspondence 
between the present embodiment and the block dia- 
grams shown in FIGS.1 and 2 is as follows. That is. the 
mobile station 231 corresponds to the mobile station 1 1 
or 31 and the moment predicting means 37; the radio 
base stations 233-1 to 233-N correspond to the radio 
base stations 12-1 to 12-N or 32-f to 32-N; the mobile 
exchange 235 corresponds to the exchange 13 or 33; 
the database 240 corresponds to the moving pattern 
storing means 51 or 61. the moving pattern history 
means 71 or 81, the shift probability storing means 91. 
the adjacent zone storing means 101, the zone struc- 
ture storing means 1 1 and the distance storing means 
161; the processor 241 corresponds to the moving 
speed measuring means 121 or 151, the transmission 
quality measuring means 131 or 141, the moment pre- 
dicting means 14. the candidate zone selecting means 
15 and 21 or 36 and 41 and the carxlidate zone notifica- 
tion means 35. 

FIG.4 is a flowchart of an operation of the present 
embodiment. FIG.5 is a flowchart of a process proce- 
dure of a handover performed in the present embodi- 
ment. A description will now be given, with reference to 
FIGS.3 to 5. of an operation of the first embodiment 
according to the present invention. 

The radio base stations 233-1 to 233-N form the 
cell 232-1 to 232-N in which the mobile station 231 can 
be located as shown in FIG.6 under a control of the 
mobile exchange 235. The radio base stations 233-1 to 
233-N assign a radio channel to a call originated by a 
mobile station (hereinafter, indicated by the reference 
rtumeral 231 for the sake of simplification) located in 
these cells in accordance with a predetermined proce- 
dure in cooperation with the mobile exchange 235. 

Additionally, in the mobile exchange 235, the proc- 
essor 241 performs the above-mentioned call process. 
Upon recognition of the call being a completed call, the 
processor 241 establishes a communication path with a 
public telephone network or other radio channels con- 
nected to a transmitter or a receiver (FIG.4-(1)). 

It should be noted that, in such a call process, the 
processor 241 exchanges control information with the 
radio base stations 233-1 to 233-N via the communica- 
tion link 239, the radio trunks 236-1 to 236-N and trans- 
mission paths 234-1 to 234-N. Additionally, the 
processor 241 exchanges the control information with 
the putJic telephone network via the communication link 

239 and the trunks 237-1 to 237-N. Further, the radio 
trunks 236-1 to 236-N interfaces between the above- 
mentioned communication path and the radio channel 
(radio path) which is connected through the transmis- 
sion paths 234-1 to 234-N and the radio base stations 
233-1 to 233-N. However, the function to interface the* 
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radio trunks 236-1 to 236-N arxJ the trunks 237-1 to 
237-N is a known technique disclosed, for example, in 
the following documents, and thus the description 
thereof will be omitted. 

5 

1. Interface of Radio Frequency Trunk (standard for 
the PHS) 

Interface Layer 2 Specification between Public 
Base Station of Simple-Type Portable Tele- io 
phone System and Digital Network JT-Q.921-b, 
Telegram and Telephone Technology Commit- 
tee (TTC) 

Interface Layer 3 Specification t>etween Public 
Base Station of Simple-Type Portable Tele- is 
phone System and Digital Network JT-Q.SSI -b. 
Telegram and Telephone Technology Commit- 
tee (TTC) 

* Interface PHS Service Control Procedure 
between Public Base Station of Simple-Type 20 
Portable Telephone System and Digital Net- 
work JT-Q.922-a. Telegram and Telephone 
Technology Committee (TTC) 

2. Interface of Trunk 237 2s 

* ITU-TQ.7000. N0.7 Signal System 

Mobile Communication Application (fVlAP) Sig- 
nal System of Interface (DMNI) between PDC 
Digital Mobile Communication Nodes, Tele- 30 
gram and Telephone Technology Committee 
(TTC) 

3. Interface between Base Station and Mobile Sta- 
tion (PHS) 35 

Second Generation Codeless Telephone sys- 
tem Standards (RCR STD-28). Version N0.I. 
Radio System Development Center 

40 

The processor 241 has a path status management 
table 250. with respect to each completed call, as the 
station information which is used for storing a unique 
call management number, a candidate cell number, a 
candidate exchange number, a candidate path number 4s 
and candidate path status information. The call man- 
agement number designates each completed call. The 
candidate cell number designates a cell (hereinafter 
referred to as a candidate cell), which is assigned as a 
candidate of a cell to which the mobile station is moved so 
in accordance with a procedure described later, prior to 
starting a handover. The candidate exchange number 
designates a mobile exchange (hereinafter refen'ed to 
as a candidate exchange) which controls the radio t>ase 
station forming the candidate cell. The candidate path ss 
number designates a path (hereinafter referred to as a 
candidate path) which is assigned in accordarKe with a 
procedure described later among the paths connecting 



the candidate exchanges and the candidate cells. The 
candidate path status information indicates a status of 
the candidate path. 

Additionally, as shown in FIG.8. the database 240 
has a moving pattem table 251 . as station information, 
in which a permutation of combination of a cell number 
arxJ an exchange number is registered, the cell number 
designating each cell formed along a path with respect 
to a unique path number which designates a path along 
which the mobile station 231 is moving along a railway 
or a road (limited to major ones for the sake of simplifi- 
cation), the exchange number designating a mobile 
exchange controlling a radio base station forming the 
cell. The mobile station 231 measures an electric field 
intensity of each cell 231-1 and the adjacent cells 232-2 
to 232-N in accordance with a predetermined period 
when the mobile station 231 is located in the cell 231 -1 
and when a call originated in the mobile station 231 
becomes a completed call. The mobile station then 
transmits a transmission quality notification signal 
including the measured electric field intensity to the 
radio base station 233-1 . 

On the other harxJ, in the mobile station 235. when 
the processor 241 recognizes the above-mentiones 
completed call in accordance with a procedure of a 
known call process, the processor 241 establishes a 
communication path with respect to the call (FIG.4-(1)). 
and discriminates a cell (hereinafter referred to as a 
transferor cell) in which tiie mobile station 231 is located 
(FIG.4-(2)). Additionally, upon recognition of the trans- 
mission quality notification signal transmitted by the 
mobile station 231 as mentioned above, the processor 
241 performs a search operation with respect to the 
moving pattern table 251 by using discrimination infor- 
n^ation of the transferor cell as a key (FIG.4-(3)). The 
processor obtain the transferee cell in accordance with 
a procedure similar to that of a conventional system 
when a path number matching the key cannot be 
obtained. 

On the other hand, when a path number is 
obtained, the processor 241 obtains a candidate cell 
(assumed to be the cell 232-2 for the sake of simplifica- 
tion) formed along a path (indicated by an enlarged view 
within a dotted line frame of F1G.6) registered in the 
moving pattern table 251 in accordance with the 
obtained path number so as to obtain the cell nunnber 
and the exchange number of the candidate cell (FIG.4- 
(5)). 

Additionally, the processor 241 assigns an available 
path in the cell indicated by the cell number and the 
exchange number to the corresponding call by cooper- 
ating with a radio channel setting control performed by 
the radio t>ase station 233-2 (FIG.4-(6)). Thereafter, the 
processor 241 stores a call management number, which 
is assigned to the corresponding completed call during 
a call process, in an empty area of a path status man- 
agement table 250 together with the cell number and 
the exchange nunr4>er and the candidate path number 
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and the candidate path status information (assumed to 
indicate that the con'esponding candidate path was set 
and a zone occupied by setting for the sake of simplift- 
cation) {FIG.4-(7). 

Then, the processor 241 sets a path (channel) of 
the radio section after waiting for receipt of a handover 
request (FIG.4-(8). 

It should be noted that it is assumed that a single 
path is designated for the above-mentioned candidate 
path for the sake of simplification. 

Additionally, since the procedure for processes per- 
formed by the radio base station 233-2 and the proces- 
sor 241 is the same as a procedure for setting a path of 
a transferee cell in a handover process in the conven- 
tional system, a description thereof will be omitted. 

When the mobile station 231 is moved to the cell 
232-N. the mobile station 231 and the radio base sta- 
tions 233-1 to 233-N cooperate to perform a radio chan- 
nel setting control with respect to the handover. 

In such a radio channel setting control process, the 
processor 241 determines whether or not the transferee 
cell is the candidate cell (cell 232-2) based on the pro- 
cedure of the radio channel setting control. If the result 
of the determination is negative, the processor 241 
newly sets an available path of the transferee cell based 
on a procedure of a call process similar to that of the 
conventional system (FIG.5-(1)). However, if the result 
of the determination is affirmative, such a setting of the 
path is omitted. 

It should be noted that although the path for the 
radio section to be connected to the path is set by the 
radio base station 233-2 based on the procedure of a 
radio channel setting corrtrol similar to that of the con- 
ventional system,such a procedure of the process 
(FIG.5-(2)) is the same as that of the conventional sys- 
tem and a description thereof will be omitted. 

As mentioned above, according to the present 
emtKXliment. the path used for communication of the 
mobile station in the cell adjacent to the cell where the 
mobile station is presently located is reserved and 
estak)!lshed prior to a time when the mobile station actu- 
ally moves to the adjacent cell. Thus, a period of time 
necessary for radio channel setting control and the call 
process started for achieving a handover at that time 
can be greatiy reduced as compared to that of the con- 
ventional system. 

It should be noted that in the present embodiment, 
although the candidate cell is selected by taking a cor- 
relation between the permutation of the cells formed 
along a railway or a road and a single cell in which the 
mobile station is located, the selection of the candidate 
cell may be performed teased on a direction of move- 
ment of the mobile station which is detected from a rate 
of change in the measured electric field intensity when 
the cell in which the nx>bne station Is located has not 
been registered in the moving pattern table 251 or the 
moving pattern table 251 itself is not provided. 

Additionally, in the present enrtixxiiment. although 



the candidate cell is selected by taking a correlation 
between the permutation of the cells formed along a 
railway or a road and a single cell in which the mobile 
station is located, permutations of the cells which were 
5 considered to be transferees in the handover proce- 
dures performed a plurality of times may be obtained as 
a history, and certainty of the candidate cell being actu- 
ally turned Into the transferee cell may be increased by 
taking a correlation with the history. 
10 Further, in the present embodiment, although the 
candidate cell is selected by a process for referring the 
moving pattern talkie 251. a criterion of the selection 
may be changed. If necessary, based on a result of pre- 
diction.when It can be predicted with a high degree of 
75 certainty as to whether or not the mobile station that is 
a candidate for handover is moving along a road or a 
railway. 

Additionally, in the present embodiment, although a 
single cell is determined to be the candidate cell, the 

20 number of candidate cells may be a plurality if a 
decrease in network resource efficiency can be allowed 
and if a release of all of the cells, which cannot continu- 
ously be the candidate at a time when the harKlover is 
corrpleted or the call is completed, is allowed. 

25 Further, in the present eml^odiment. although a 
train of cells that are formed along a road or railway are 
registered in the moving pattern table 251. a subscriber 
responsive moving pattern table 253 shown in F1G.9 
may be alternatively applied in which a train of cells irxJi- 

30 cated by a combination of the candidate exchange 
number and the candidate cell number are registered 
for each mobile station. The train of cells is announced 
by a subscriber of each mobile station, and is registered 
for each applicable condition such as a time range, if 

35 necessary. 

A description will now be given of a second embod- 
iment of the present invention. A difference between the 
present embodiment and the first embodiment is in a 
dispersion of functions to the mobile station 231. the 

40 radio base stations 233-1 to 233-N and the processor 
241. 

A description will now be given, with reference to 
FIG.3. of an operation of the present invention. 

The database 240 has the path status management 
45 table 250 and the moving pattern table 251 as station 
information as is the same with the first embodiment of 
the present Invention. 

In the mobile exchange 235. upon recognition of a 
completed call based on the procedure of a call proce- 
ss dure, the processor 241 discriminates a transferor cell 
in which the mobile station 231 is located. Then, the 
processor 241 applies a search process to the rrraving 
pattern tatJe 251 by using the discrimination information 
of the transferor cell as a key. If a path number matching 
55 the key cannot be obtained, the candidate cell may be 
detected by other methods (for example, a method 
using subscriber responsive moving pattern table 253). 
If the candidate cell cannot be obtained by other meth* 
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ods. a handover may be performed in accordance with 
a procedure similar to that of the conventional system 
(for example, by obtaining a transferee cell by using a 
threshold value of an electric field intensity). 

However, if a path number is obtained, the proces- 5 
sor 241 obtain a path registered in the moving pattern 
table 251 in response to the obtained path number so 
as to obtain the adjacent candidate cell located along 
the path. 

Additionally, the processor 241 announces all of the io 
thus obtained candidate cells to the mobile station 231 
via the radio base station 233-1. 

On the other hand, upon recognition of the call orig- 
inated in the cell 232-1 being turned to a completed call, 
the mobile station 231 measures an electric field inten- is 
sity with respect to the cell 232-1 and the adjacent cells 
232-2 to 232-7 at a predetermined frequency period. 
Then, when the candidate cell is announced by the 
mobile exchange 235 as mentioned above, all of the 
candidate cells are reserved. 20 

Additionally, the mobile station 231 sends a hando- 
ver request to the radio base station 233-1 in a manner 
similar to the conventional system when a reference 
value of the electric field intensity required for the trans- 
feree of handover is provided beforehand and when an 2S 
electric field intensity of a cell other than the candidate 
cells resen/ed during the above-mentioned process of 
measurement of the electric field intensity exceeds the 
reference value. 

However, when the reference value of the electric 30 
field intensity required for predicting the transferee of 
handover is provided beforehand and when an electric 
field intensity of one of the candidate cells exceeds the 
reference value, the mobile station 231 sends a path 
setting request including the discrimination information 35 
of that cell prior to sending the handover request. On 
the other hand, in the mobile exchange 235, the proces- 
sor 241 performs a handover process in accordance 
with a procedure similar to that of the conventional sys- 
tem when the above-mentioned handover request is 4o 
recognized. 

However, when the path setting request is recog- 
nized, the processor 241 sets a path in the candidate 
cell indicated in the path setting request, and assigns 
the path to a corresponding call in a manner simitar to 45 
that of the first embodiment. 

It should be noted that an operation aifter the mobile 
station 231 has moved to the cell 232-2 (that is, an oper- 
ation of the mobile station 231 for sending the handover 
request) is the same as that of the first embodiment so 
and a description thereof will be omitted. 

As mentioned above, according to the present 
embodiment, since a timing of setting of a path in the 
previously selected candidate cell is recognized under a 
control of the mobile station 231. loads of processes ss 
related to the recognition is dispersed to mobile stations 
which are located in the cells 232-1 to 232-N and are in 
a communication state. Thus, a load applied to the radio 



base stations 233-1 to 233-N and processor 241 is 
greatly decreased as the number of completed calls 
present at the same time is increased. 

It should be noted that, in the present embodiment, 
the candidate cell may be selected when the process 
recognizes a completed call in accordance with a proce- 
dure of the call process. Additionally, the candidate ceil 
may be selected before a call is turned to a completed 
call, that is. during a call setting procedure, and the dis- 
crimination information of the candidate cell may be 
added to a call setting signal so as to be sent to the 
mobile station. 

A description will now be given of a third embodi- 
ment of the present invention. 

A difference between the third embodiment and the 
first aruJ second embodiment of the present invention is 
that the contents of the moving pattern table 251 are 
automatically updated in accordance witii a process 
described below. 

FIG. 10 is a flowchart of an operation performed by 
a mobile communication system according to the third 
embodiment of the present embodiment. A description 
will now be given, with reference to FIGS.3 and 8 to 10. 
of the operation of the present embodiment. 

Information of predetermined deteuK values is reg- 
istered in the moving pattern table 251 . 

In the mobile exchange 235. the processor 241 
obtains a history of a moving pattern which comprises a 
transferee cell and a single transferor cell or a train of 
transferor cells which has or have been used for a com- 
munication prior to the handover every time the hando- 
ver is completed for each completed call. Further, the 
processor 241 stores in tiie moving pattern table 251 a 
moving pattern having a frequency greater than a pre- 
determined threshold value from among nnoving pat- 
terns obtained as the history (FIG.10-(2)). 

That is, a train of cells having a certainty to be a 
transferee can be irrcreased in accordance with an 
actual path along which the mot)ile station moves is 
stored in the moving pattern table 251 . 

Accordingly, in the present emtxxJiment, a probabil- 
ity of use of a patfi in a communication in the transferee 
cell is increased while the system flexibly adapts to a 
distribution or state of an amount of traffic, the patii 
being set prior to a time when each mobile station 
moves to a range of the adjacent cell. 

It should be noted that, in the present emtxxdiment, 
the moving pattern history is commonly obtained for 
each conrtpleted call, and the moving pattern table 251 
used for tiie completed call is updated based on the his- 
tory. However, when the prot)ability is required to be fur- 
ther IrKreased. such history may be obtained in 
connection with other attributes of the mobile station (if 
necessary, a time slot or a service class of the mobile 
station) so that the conresponding pattern table is indi- 
vidually updated for each atti-ibute. and the candidate 
cell may be selected in accordance with a reference to 
the moving pattern table having such attribute, as a key. 
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obtained for the completed call. 

A description will now be given of a fourth embodi- 
ment of the present invention. 

The difference between the fourth embodiment and 
the above mentioned third emfcxxliment is that the sub- 5 
scriber responsive moving pattern table 253 is replaced 
with a moving pattern table 254 shown in FIG.11, and 
the processor 241 specifies a candidate cell in accord- 
ance with the moving pattern table 254. 

FIG. 12 is a flowchart of an operation of a mobile io 
communication system according to the fourth embodi- 
ment of the present invention. 

A description will now be given, with reference to 
FIGS.3, 11 and 12, of the operation of the present 
emtxxjiment. is 

In the moving pattern table 254. as shown in 
FIG.11, with respect to each moving pattern, a path 
along which the mobile station is movable and a proba- 
bility (hereinafter referred to as a moving probability) 
which is previously obtained based on a distribution of 20 
mobile stations in the path and that is applicable as a 
reference of selection of the candidate cell are stored 
correspondingly to a train of cell numbers irKfrcating the 
corresponding moving pattern similar to the subscriber 
responsive moving pattern table 253. 25 

The processor 241 refers to the moving pattern 
table 254 when the candidate cell is selected as is in the 
above-mentioned embodiments so as to specify one or 
a plurality of moving patterns used for selecting the can- 
didate cell (FIG.12-(1)) by taking a correlation with a 30 
transferor cell (or a history of the transferor cell) in which 
a mobile station having a completed call is located from 
among nrraving patterns stored in the moving pattern 
table 254 (FIG.12-(2)). 

Additionally, the processor 241 searches for a mov- 35 
ing pattern having the moving probability exceeding a 
predetermined lower limit value stored in the moving 
pattern table 254 from among the thus specified moving 
patterns (FIG.12-(3)). Accordingly, when a moving pat- 
tern is obtained by the search, the processor 241 40 
obtains the candidate cell in accordance with the nrK)v- 
ing pattern (may be singular or plural) (FIG.12-(4))). 

However, if such a moving pattern cannot be 
obtained, the processor 241 ot>tains a combination of 
moving patterns of which sum of moving probabilities 45 
exceeds the lower limit value in a descending order 
(FIG.12-(5)). Further, the processor 241 obtains a can- 
didate cell based on each moving pattern included in 
the combination (FIG.12-(6)). 

As mentioned above, in the present embodiment, so 
the moving pattern having a high moving probability has 
a priority for a selection of the candidate cell. Thus, a 
probability that one of the candidate cells coincides with 
the transferee cell is increased as compared to a case 
in which the moving pattern is specified irrespective of ss 
such a probability. 

It should be noted that in the present embodiment 
although the information stored in the moving pattern 



table 254 is not updated, the information may be 
updated in accordance with a history adapted to an 
actual movement of the mobile station similar to the 
third emtxxtiment of the present invention. 

Additionally, in the present embodiment as shown 
in FIG. 1 1 . although the moving pattern table 254 is used 
which is adapted to an applicable condition and pro- 
vides a moving probability for each moving pattern, the 
moving pattern table is not limited to the disclosed type. 
That is, for example, if a correlation with the transferor 
cell (or a history of the transferor cell) in which the 
mobile station having the conrpleted call Is located can 
be obtained, and is the candidate cell can be obtained 
by referring to cells in a descending order of the prol>a- 
bilities, the type of the moving pattern table may be a 
type which provides a combination of a moving pattern 
and a probability which are previously correlated to 
each other to the cells in the current ceil and all of the 
candidate cells, or may be of any other types. 

A description wilt be given of a fifth embodiment of 
the present invention. 

A difference between the fifth embodiment and the 
third and fourth embodiments is that the processor 241 
limits a cell in which a path is to be formed from among 
the obtained carviidate cells in accordance with the fol- 
lowing procedure. 

A description will now be given, with reference to 
FIGS.3 and 13, of an operation of the fifth embodiment 
according to tine present invention. 

The data base 240 includes an adjacent cell table 
255 in which all combinations of two cells (hereinafter 
each of the two cells is referred to as adjacent cell) adja- 
cent to each other are previously registered. Hereinaf- 
ter, it is assumed that the adjacent cell is indicated by a 
pair of cell numi^er which indicates each adjacent cell 
and an exchange number which indicates a mobile 
exchange controlling a radio base station forming the 
adjacent cell. 

Similar to the third and fourth emtxxiiments. the 
processor 241 obtain a single candidate cell or plurality 
of candidate ceils, and searches for tiie adjacent cell 
table 255 by using a pair of the cell number of a trans- 
feree cell and the number of the exchange as a key so 
as to select all of the adjacent cells which are adjacent 
to the transferee cell. 

Additionally, the processor 241 obtains the candi- 
date cell by eliminating the candidate cells which do not 
corresporxl to thus selected adjacent cells from among 
all of the candidate cells. The processor 241 sets a path 
in each of the remaining candidate cells in a manner 
similar to that of the third and fourth embodiments. 

As mentioned atxjve. in the present embodiment, 
since the candidate cell in which a path is to be set prior 
to a handover is positively limited to the adjacent cell 
which is adjacent to the cell in which the mobile station 
is located, the handover can be effectively achie/ed with 
a high certainty even if an error exists in a moving pat- 
tern obtained based on a history in the third or fourth' 
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embodiment. 

It should be noted that, in the fifth embodiment, the 
candidate cell is selected based on the moving pattern, 
a moving probability and a cell structure, and a direction 
of movement of the mobile station in which the com- s 
pleted call is originated is not referred to when the can- 
didate cell Is selected. However, a technique, in which a 
direction of movement of a nrK>bile station is obtained so 
as to select a candidate cell having a high certainty to 
be a transferee based on the direction of movement, 
may be applied to the present emtxxliment. Such tech- 
nique is as follows. 

a) To select as a candidate cell a cell in which a 
maximum rate of change is measured for a trans- 
mission quality (an electric intensity, a bit error rate) 
of a radio transmission path measured at a prede- 
termined frequency (period), or the transmission 
quality exceeds a predetermined upper limit value. 

b) To select as a candidate cell a cell which is adja- 
cent to a candidate cell, or as a candidate cell for a 
subsequent handover. 

c) To obtain a cell which corresponds both a candi- 
date cell obtained by the above technique a) or b) 
and a candidate cell specified by the method of the 
above mentioned embodiments. 
By introducing a direction of movement of the 
mobile station, a certainty of the candidate celt 
being a transferee cell can be increased. 

A description will now be given of a sixth embodi- 
ment of the present invention. 

A difference between the sixth emt)odiment and the 
above mentioned embodiments is that a completed call 
to which a selection of a candidate cell is made and a 35 
path is set to the candidate cell is limited as follows. 

A description will now be given of an embodiment of 
the sixth emlxKjiment. 

The processor 241 obtains a single candidate cell 
or a plurality of candidate cells in a manner similar to the 4o 
third or fourth embodiment of the present invention. 
After that, the processor 241 classifies the obtained cell 
into a boundary cell or a non-boundary cell which is not 
the boundary cell by referring to station information, the 
boundary cell being formed under a control of a mobile 4S 
exchange different from a mobile exchange which con- 
trols a radio zone forming a transferor cell. Additionally, 
the processor 241 obtains a subscriber class of the 
mobile station by refening to the station information, 
and compares a service quality to be provided urxJer so 
the subscriber class with a predetermined threshold 
value. Then, the processor 241 forms a path only in the 
selected boundary cell when the service quality is less 
than the threshold value. 

As mentioned above, in the present enrt)ocliment. a ss 
prior setting of a path is performed with respect to a 
handover between different mobile exchanges 235 
which requires a large amount of process which is per- 



formed based on a complicated procedure in synchroni- 
zation with each other so as to form a path and achieve 
a communication test. Accordingly, an improvement in 
efficiency of a handover is attempted only for a com- 
pleted call which can provide an elimination of a large 
amount of process. 

It should be noted that it Is determined whether or 
not a setting of a path is required based on the sub- 
scriber class in the present embodiment. However, the 
present invention Is not limited to such a subscriber 
class, and a similar determination may be made based 
on information such as a current ceiC a subscriber dass 
of a remote party or an outgoing path If the information 
can be surely obtained during a cooperation with a call 
process or a radio channel setting control. 

A description wilt now be given of a seventh embod- 
iment of the present invention. 

The seventh embodiment has a feature in that the 
selection of a candidate cell is performed in the follow- 
ing procedure. 

FIG. 14 is a flowchart of an operation off the seventh 
embodiment of the present invention. A description will 
now be given, with reference to FIGS.3, 13 and 14, of 
the operation of the seventh embodiment. 

The data base 240 includes the adjacent cell table 
255. as station information, similar to tine fiftii embodi- 
ment of the present invention. The processor 241 
obtains a subsaiber class of the mobile station 231 
(FIG.14-(1)) by referring to the station information after 
a transmission quality notification signal is recognized 
which is transmitted to ttie radio base station 233-1 from 
the mobile station 231 in which a completed call is orig- 
inated. 

Additionally, the processor 241 compares a service 
quality to be provided under tiie subscriber dass with a 
predetermined threshold value. If the service quality is 
less than tiie tiireshold value, the processor 241 obtains 
a candidate cell in a manner similar to that of the akx>ve- 
mentioned emtxxliments. 

However, if the service quality is greater than the 
threshold value, the processor 241 obtains all of the 
adjacent cells as a candidate cell (FlG.14-(2)) by refer- 
ring to the adjacent cell table 255 with a key being a 
number of an exchange and a number of cell indicating 
the cell in which the mobile station is located. 

As mentioned above, in the present embodiment, 
when the service quality to be provided to the mobile 
station in which a completed call is originated is high, all 
of the adjacent cells are selected as candidate cells. 
Thus, a selection of the candidate cells and a setting of 
a path with respect to the candidate cells can be effi- 
dentiy and rapidly performed without a complicated 
process being performed. 

A description will now be given of an eighth ewbod- 
Iment of the present invention. 

A difference between the eighth embodiment and 
the above-mentioned embodiments is that the transmis- 
sion paths 234-1 to 234-N are structured based on an 
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Asynchronous Transfer Mode (ATM) System. 

FIG. 15 is a flowchart of an operation of the eighth 
embodiment. A description will now be given, with refer- 
ence to FIGS.3, 4 and 15, of the operation of the eighth 
embodiment of the present invention. s 

The processor 241 obtains candidate ceils in a 
manner similar to that of the previously mentioned 
embodiments. When the processor 241 sets a path to 
the candidate cells, a transmission band of the path is 
set to zero, that Is, the transmission band is not io 
reserved (FIG.l5-(8)). This status is stored as candi- 
date path status information in the path status manage- 
ment table 250 {FIG.15-(2)). 

Additionally, the processor 241 determines whether 
or not the actual transferee cell corresponds to one of is 
the above mentioned carxiidate cells. If the result of 
determination is affirmative, a desired transmission 
band is reserved for the corresponding candidate cell, 
and information representing the desired transmission 
band is added to the candidate path status information 20 
stored in the path status management table 250 with 
respect to the candidate cell (FIG.15-(3)). 

Accordingly, in the present embodiment, a high-effi- 
ciency, high-speed operation can be attempted for a 
handover, similar to the previously mentioned embodi- 25 
ments. without setting an unnecessary transmission 
path to the transmission paths 234-1 to 234-N. 

A desaiption will now be given of a ninth embodi- 
ment of the present invention. 

In the ninth embodiment, the transmission paths 3o 
234-1 to 234-N are formed based on the Asynchronous 
Transfer Mode (ATM) System similar to the eigfith 
embodiment. 

A description will now be given, with reference to 
FIGS.3. 4, 7 and 1 5. of an operation of the ninth embod- 35 
iment. 

The processor 241 obtains candidate cells in a 
manner similar to that of the previously mentioned 
embodiments. When the processor 241 sets a path to 
the candidate cells, a transmission t)and of the path is 40 
set to a desired value (not equal to zero). This status is 
stored as candidate path status information in the bus 
status management table 250. 

Additionally, the processor 241 determines whether 
or not the actual transferee cell corresponds to one of 4S 
the above-mentioned candidate cells. If the result of 
determination is affirmative, the assigned band is can- 
celed for the candidate cells other than the one of the 
candidate cell determined to be the transferee cell, and 
updates the carKfidate path status information stored in so 
the path status management table 250 in response to 
the cancellation. 

According to the present emlxxiiment, a path can 
be positively set to all of the candidate cells which may 
be a transferee cell prior to the handover. When the ss 
transferee cell is determined, a band reserved for the 
transmission paths 234-1 to 234-N which conresponds 
to the remaining candidate cells which did not become 



the transferee cell is positively released. 

Accordingly, an efficient use of resources can be 
attempted as well as a high-efficiency, high-speed oper- 
ation for a handover, since it can be avoided to unnec- 
essarily occupy a k>and with respect to candidate ceils 
which may be candidate cells in the subsequent hando- 
ver process. 

A description will now be given of a tenth embodi- 
ment of the present invention. 

A difference between the tenth embodiment and 
the previously mentioned embodiments is that the 
number of candidate cells is limft'ed k)ase on the follow- 
ing process. 

The processor 241 obtains candidate cells in a 
manner similar to the previously mentioned embodi- 
ments, and obtains a number K of the candidate cells. 
Additionally, the processor 241 obtains a result of anal- 
ysis of numbers (for example, trunk group number of an 
outgoing path), information regarding a subscriber class 
of a receiver, a subscriber class of a transmitter and 
other information. Then, the processor 241 obtains a 
priority for a communication service to be provided to 
the corresponding completed call by performing prede- 
termined calculations and logic operations based on the 
obtained information. 

The processor 241 increases an upper limit value of 
the number of candidate cells as the thus obtained pri- 
ority is higher, and compares the number K with the 
upper limit value. If the number K is less than the upper 
limit value, the processor 241 sets a free path of the 
candidate cells in a manner similar to the previously 
mentioned embodiment. On the other hand, if the 
number K is greater than the upper limit value, the proc- 
essor 241 sets the path after limiting the number of can- 
didate cells to less than the upper limit value. 

Accordingly, the number of selected candidate cells 
is increased as the priority of a completed call is higher, 
and the priority path is set to the candidate cells. Thus, 
the efficiency and the speed of the handover process 
are increased as compared to the previously mentioned 
embodiments. 

It should be noted, in the present emtxxJimerrl, 
although the upper limit value of the candidate cells is 
set in response to the priority of the completed call, the 
upper limit value may be set to a greater value as trans- 
mission quality measured during a communication is 
increased, or the upper limit value may be set to a 
smaller value as a loss probability or a level of conges- 
tion (may be either a communication path or an outgo- 
ing path) is increased. In such a case, increased 
efficiency and a speed-up of the handover process can 
t>e attempted. 

Additionally, in a future mobile communication sys- 
tem in which a plurality of communication services are 
concurrently provided to a unit subscriber via a plurality 
of calls (for example, a telephone call and a facsimile 
call) or a plurality of connections (for example, connec- 
tions concurrently formed for transmission of sound and 
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an image), the above mentioned upper limit value may 
be set to a greater value as the number of calls or con- 
nections being actually used is increased so that a prob- 
ability of the candidate cell not turning to a transferee 
cell is reduced. On the contrary, a decrease in an 
amount of calls or connections may have priority by set- 
ting a smaller value to the upper limit value as the 
number of calls or connections is increased. 

A description will now be given of an eleventh 
embodiment of the present invention. 

A difference between the eleventh embodiment and 
the previously mentioned embodiments is that the proc- 
essor 241 performs a process (hereinafter referred to as 
a moment determining process) for determining a time 
(hereinafter referred to as a moment) for starting a proc- 
ess (hereinafter referred to as a candidate cell selecting 
process) of selecting a candidate cell. 

FIG. 16 is a flowchart of an operation of the eleventh 
embodiment of the present invention. A description will 
now be given, with reference to FIGS.3 and 16, of the 
eleventh embodiment of the present invention. 

The processor 241 performs the above-mentioned 
moment determining process for each of the completed 
calls discriminated based on a call process procedure 
at a predetermined frequency. In such a moment deter- 
mining process, vt^ien a transmission quality notification 
signal is provided by the mobile station 231 In which a 
call originated therein becomes a completed call in a 
manner similar to the above-mentiend first embodiment, 
the processor 241 compares an electric field intensity 
Included in the transmission quality notification signal 
with a predetermined threshold value set for the electric 
field intensity. 

If the electric field intensity of the current radio zone 
is greater than the threshold value or the electric field 
intensity of an adjacent radio zone is smaller than the 
threshold value, the processor 241 waits until the trans- 
mission quality notification signal is provided (FIG.16- 
(1)). On the other hand, if the electric field intensity of 
the current radio zone is smaller than the threshold 
value and/or the electric field intensity of an adjacent 
radio zone is greater than the threshold value, the proc- 
essor 241 immediately starts the candidate cell select- 
ing process (FIG.16-(2)). 

According to the present entfxxiiment. the candi- 
date cell selecting process is not started by the trans- 
mission quality signal provided by the mobile station 
231 alone. That is, the candidate cell selecting process 
is started with a high probability at a time when the 
mobile station 231 is moving outwardly of the current 
cell and it is determined that the mobile statbn 231 is 
located within a predetermined distance from an outer 
periphery of the current cell. 

Accordingly, in the present embodiment, the proc- 
essor 241 does not unnecessarily perform the candi- 
date cell selecting process, and the processing 
performed by the processor 241 is effectively used for a 
call process. 



A description will now be given of a twelfth embodi- 
ment of the present invention. 

A difference between the twelfth embodiment and 
the previously mentioned embodiments is in a criterion 
5 of determination used by the processor 241 for deter- 
mining a moment in a moment determining process. 

FIG. 17 is a flowchart of an operation of the twelfth 
embodiment of the present invention. A description will 
now be given, with reference to FIGS.3 and 17, of the 
10 operation of the twelfth embodiment. 

In the moment determining process, when the 
transmission quality notification signal is provided by the 
mobile station 231 which has a call originated therein 
being changed to a completed call, the processor 241 
15 obtains a history of the electric field intensity included in 
the transmission quality notification signal (FiG.17-(1)). 
Then, the processor 241 obtains a rate of change in the 
electric field intensity based on the obtained history 
(FIG.17-(2)). 

Additionally, the processor 241 predicts based on 
the electric field intensity and the rate of change, a time 
when the electric field intensity of the current radio zone 
becomes less than the predetermined threshold value 
and/or a time when the electric field intensity of the 
adjacent radio zone exceeds the predetermined thresh- 
old value (FIG.17-(3)). Then, the processor starts a 
timer which provides those times (it is assumed that the 
timer is achieved by software for the sake of simplifica- 
tion) (FIG.17-(4)). 

The processor 241 waits until the atx>ve-mentioned 
time is provided by the timer while omitting a process for 
the transmission quality notification signal subsequently 
provided as long as a completed call is concerned 
(FlG.17-{5)). However, if such a time is provided by the 
timer, the processor 241 immediately starts the carxfi- 
date cell selecting process (FIG.17-(6)). 

That is, in the present embodiment, the candidate 
cell selecting process is not started by the transmission 
quality notification signal provided by the mobile station 
231 alone. Accordingly, the candidate cell selecting 
process is positively started as is in the eleventh 
emtKxjiment even when the transmission quality notifi- 
cation signal cannot be normally received due to a dete- 
rioration of a transmission characteristic of the radio 
transmission path. 

Accordingly, in the present emtKxJiment. an amount 
of processing necessary for the moment determining 
process is greatiy reduced, and responsiveness and 
service quality can be increased by a surplus capacity 
of the processor 241 . 

It should be noted that although the time when the 
candidate cell selecting process is started is predicted 
based on the electric field intensity and the rate of 
change, such time may be predicted by a speed of 
movement of the mobile station Instead of the rate of 
change in the electric field irrtensity when the speed of 
the mot>ile station relative to the radio base station of 
the cell in which the mobile station is located can be 
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measured. 

A description will now be given of a thirteenth 
embodiment of the present invention. 

A feature of the thirteenth embodiment is in a proc- 
ess procedure for selecting the candidate cell to be s 
released from among the candidate cells which were 
selected but did not actually become a transferee cell. 

FIG. 18 is a flowchart of an operation of the thir- 
teenth embodiment of the present invention. A descrip- 
tion will now be given, with reference to FIGS.3 and 18, io 
of the thirteenth emtx)diment of the present invention. 

The database 240 includes a cell distance table 
256, as station information, which indicates a distance 
between two cells for all combinations. It is assumed 
that each of the cells is represented by a pair of a is 
number of the exchange and a number of the cell as 
shown in the path status management table 250 or the 
adjacent cell table 255 for the sake of simplification. 

After the processor 241 recognizes that a path is 
set to each of the candidate cells and the transferee cell so 
is determined, the processor 241 specifies remaining 
candidate cells which were not turned to the transferee 
cell from among the candidate cells (FIG.18-(1)). Then, 
the processor 241 obtains a distance corresponding to 
a comt^ination of the transferee cell and each of the 25 
remaining candidate cells, the distance being stored in 
the cell distance tatHe 256 (FIG.18-(2)). 

The processor 241 does not apply any process to 
the cell con^espondlng to the thus obtained distance 
which is less than a predetermined threshold value 30 
since such cell may become a transferee cell in a sub- 
sequent handover. On the other hand, the processor 
241 releases the previously formed path of the cell cor- 
responding to a distance which is greater than the 
threshold value by cooperating with the radio k>ase sta- 3S 
tion which forms the corresponding candidate cell since 
such cannot be a transferee cell 

According to the present emtxxliment, since the 
path set to the candidate cell which cannot be a trans- 
feree cell in a subsequent handover is positively 40 
released, such released path can be effectively 
assigned to other calls. Thus, a probability of generation 
of a call loss due to a lack of paths can be reduced. 

It should be noted that the candidate cells are 
selected based on a single criterion In the third to sixth 4S 
embodiments. However, as shown in FIG.20, an algo- 
rithm can be adapted in which a cell is selected as a 
candidate cell having an electric field intensity greater 
than a predetermined threshold value (FIG.20-(1)) 
when the electric field intensity of the transmission qual- so 
ity rKitif ication signal received by the radio base station 
231 is greater than the predetermined threshold value. 
On the other hand, in the at)ove-mentloned algorithm, rf 
the electric field intensity is less than the threshold value 
and when it is assumed that the mobile station 231 is ss 
moving at a high speed, a candidate cell is selected in 
the same manner as that described in relation to the 
aboveHTientioned first embodiment (FIG.20-(2)) since 



there is a high possibility that the mobile station 231 is 
moving along a major track (a state root, a major road, 
a railway). 

Additionally, in the above-mentioned algorithm, 
when it is assumed that the mobile station 231 Is not 
moving at a high speed, a candidate cell may be 
selected in the same manner as that described in rela- 
tion to the above-mentioned second embodiment 
{FIG.20-(3)). That is. the candidate cell may be selected 
kiy applying a moving pattern registered in the sub- 
scrit>er responsive moving pattern 253 or the moving 
pattern table 254 since there is a'hfgh possibility that the 
mobile station 231 is moving along a road other than the 
registered roads. 

A description will now be given of other embodi- 
ments related to the candidate cells which were 
selected but did not t^ecome a transferee cell. 

In the previously mentioned embodiments, a time 
spent on a handover is reduced by predicting a hando- 
ver by a network side and setting a path beforehand. 

If a call is ended before the handover or if the 
mobile station does not rriove as predicted, the path set 
beforehand is useless. 

Accordingly, In a fourteenth embodiment of the 
present invention, there is provided a means for regis- 
tering the previously set path in a free candidate path 
management table so as to use the registered path to a 
new call originated in other mobile stations or a hando- 
ver of other mobile stations. 

In a fifteenth emt>odiment. there is provided a 
means for determining whether or not the free candi- 
date path is registered in the table in accordance with a 
rate of occupation for a frequency by the free candidate 
path. 

In a sixteenth emfcxxiiment. there is provided a 
means for selecting whether to perform a handover by a 
conventional procedure or to connect a communication 
link to a radio channel by acquiring the radio channel 
after waiting a completion of a setting of a wire link when 
the a request for the handover is generated during a set- 
ting process of the communication link. 

In a seventeenth embodiment, a time of completion 
of a setting of the comrrujnication link and a time of 
occurrence of a handover are predicted in the 
exchange. If the time of completion of a setting of the 
communication link is eariier than the time d occur- 
rence of a handover, the handover is performed after 
the setting of the communication link is completed. If the 
time of occurrence of a handover is eariier than the time 
of completion of a setting of the communication, the 
handover is performed by a conventional method with- 
out waiting for the completion of the setting of the com- 
munication link. 

In an eighteenth emtxxliment, there is provided a 
means for stopping the setting of the communication 
link which is performed prior to the handover when use 
of resources is a high-rate such as a case in which a 
rate of use of a band is a high, a large load is applied td 
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the processor of the exchange, or a rate of use of free 
channels Is high. 

A description will now be given, with reference to 
FIGS.28 to 32, of a general operation of the fourteenth 
to eighteenth embodiments of the present invention. s 

When the candidate cells are obtained for the com- 
pleted call, a check is made as to whether or not a free 
candidate path which has already been set to the candi- 
date cell (FIG.21-{1)). If there Is no free candidate path 
available, it is determined whether or not a rate of use of io 
the network resources is low. If the rate of use is high, 
the candidate path is not set (FIG.21-(2)). On the other 
hand, if the rate of use of the network resources is tow. 
it is determined whether both a wire path and a radio 
path are set as the candidate path (FIQ.21-(3)). 75 

If only a wire path is going to be set as the candi- 
date path, the candidate path is set for the wire section 
(FIG.21-(4)). If both a wire path and a radio path are 
going to be set as the candidate path, a setting of the 
wire path and acquisition of a radio channel are per- 20 
formed, and they are connected to each other (FIG.21- 
(5)). If there is an available free candidate path, it is 
determined whether or not both a wire path and a radio 
path have been set as the candidate path (FIG.21-(6). If 
both a wire path and a radio path are going to be set. it 25 
is determined whether there is a path to which both a 
wire path and a radio path have been set among the 
available free candidate paths (FIG.21-(7)). If there is a 
path as the free candidate path to which both a wire 
path and a radio path have been set, the free candidate 30 
path is acquired (FIG.21 -(8)). On the other hand, if there 
is not a path to which both a wire path and a radio path 
have been set (that is, there is a path to which only a 
wire path has been set), a radio channel is acquired to 
connect to each other after the free candidate path is 3S 
acquired (FIG.21 -(9)). 

if both a wire path and a radio path are not going to 
be set as the candidate path (that is, only a wire path is 
going to be set as the candidate path), the candidate 
path to which only a wire path has been set is acquired. 40 
It should be noted that. If there is only a path to which 
t)oth a wire path and a radio path have been set. such a 
path is acquired (FIG.21-(10)). 

Thereafter, the mobile exchange 235 receives a 
handover request signal from the mobile station 231. 45 
(FIG.22-(11)). It is then determined whether or not a 
candidate path is set to the candidate cell having the 
completed call (FIG.22-(12)). If the determination is 
negative (that is. if a candidate path has not been set to 
the cell to be handover), a handover is performed by a so 
conventional method (FIG.22-(21)). 

If a candidate path has been set to the cell for 
handover, it is then determined whether or not the set- 
ting is completed (FIG.22-(13)). If the setting of the can- 
didate path has been completed, it is determined ss 
whether or not both a wire path and radio path have 
been set as the candidate path to which a setting is 
conrpleted with respect to the corresponding call 



(FIG.22-(14)). 

If the candidate path comprising a wire path and a 
radio path has been set for the conrpleted call, neces- 
sary signals are exchanged with the mobile station 231 
so as to set the radio path {FIG.22-(15)). If the candi- 
date path comprising only a wire path has been set. a 
radio path is set and the wire path is connected to the 
radio path. Additionally, necessary signals are 
exchanged with the mobile station 231 (FIG.22-(16)). If 
the setting of the candidate path which is assigned as a 
path for the handover has not been completed yet. it is 
determined whether or not a free candidate path which 
is assigned as a path for the handover (FIG.22-(17)). If 
there is not available free candidate path, it is deter- 
mined whether or not the candidate path being set com- 
prises both a wire path and a radio path (FIG.22-(18)). 

If the candidate path being set does not comprise 
not both a wire path and a radio path (that is. the candi- 
date path comprises only a wire path), it is then deter- 
mined whether or not to wait for a completion of the 
setting of the candidate path (FIG.22-(19)). If the com- 
pletion of the setting is to be waited, a setting of a radio 
path is performed after the setting of the candidate path 
is completed {FIG.20-(20)). If the completion of the set- 
ting is not to be waited, a handover is performed by a 
conventional procedure (FIQ.22-(22)). 

If there is an available free candidate path, it is 
determined whether or not the free candidate path com- 
prises both a wire path and a radio path. If the determi- 
nation is negative (that is. the free candidate path 
comprises only a wire path), a radio path is acquired 
after the free candidate path is acquired so as to set the 
radio path (FIG.22-(3))- 

If the free candidate path comprises both a wire 
path and radio path, signals are exchanged with the 
mobile station 231 after the candidate path is acquired 
so as to set the radio path. 

After a setting of a handover path which is used for 
a communication is completed, the path which has been 
set for the transferor cell is released (FIG.22-(25)). 
Then, it is determined whether or not the a candidate 
path has been set for the transferee cell (FIG>23-(26). If 
a candidate path has been set for a cell other tiian the 
transferee cell, it is determined whether or not such a 
path shoukJ be immediately released (FIG.23-(27). If it 
is determined that the candidate path should be 
released, a release operation is performed with respect 
to the candidate path (FIG.23-(28)). If it is determined 
that the candidate path should be reserved to reuse for 
a new call or handover, the candidate path is (not 
released) registered as a free candidate patii (FIG.23- 
(29)). Then, the handover Is ended (FIG.23-(30)). 

A d^cription will now be given, with reference to 
FIG.24, of a new call process in the present invention. 

A new call is detected (FIG.24-(1)). The exchange 
235 determines whether or not a free candidate path Is 
available for a setting of a path used for a new call 
(FIG,24-(2)). If there is an available free candidate path. 
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the free candidate path is acx^uired and the call process 
is resumed (FiG.24-(3)). If there is no free candidate 
path available, the call process Is performed by a proce- 
dure the same as that of a conventional system 
(FIG,24.(4)). 5 

A description will now be given, with reference to 
FIG.25. of the fourteenth embodiment of the present 
invention. 

FIG.25 is an illustration for explaining a table used 
for managing a free candidate path. A candidate path io 
which was set but was not used is registered as a free 
candidate path in the table. Information set when the 
registration is performed includes the followings. 

"candidate path identifier" is a number to be used 75 
for identifying a candidate path, 
"path setting cell identifier" indicates an exchange 
having a base station to which a free candidate 
path is connected from own exchange. In the 
present embodiment, this indicates a state repre- so 
sented by a combination of a number of an 
exchange and a number of a base station. 
*1ine identifier is a number used for specifying a line 
when each candidate path is used. In the present 
embodiment, this is indicated by a combination of 25 
an outgoing path and an incoming path, 
"acquisition band" indicates a band acquired by 
each candidate path. 

"path type" indicates that each candidate path is 
constituted by a wire path and a radio path or by a so 
wire path alone. 

The table is referred to during other new call proc- 
ess and a handover process, and a candidate path 
which matches a condition of an objective call is used. ss 

A description will now be given, with reference to 
FIG.26, of an operation of the fifteenth embodiment 
according to the present invention. 

It is determined whether or not there is a path which 
was not used among candidate paths which were set in 40 
relation to a completed call (FIG.26-(1)). If a result of the 
determination is negative, the process Is ended. On the 
other hand, if the determination Is affirmative, it is deter- 
mined whether or not a process load to the network is 
high. (FIG.26-(2)). If a result of the determination is neg- 45 
ative. it is determined whether or not X% (X is a prede- 
termined threshold value) of a communication band 
assigned to an outgoing trunk (or incoming trunk) used 
by the candidate path is acquired by the free candidate 
paths (FIG.26-(4)). If a result off the determination is so 
affirmative, the candidate path which was not used is 
released (FIG.26-(5)). If a result of the determination is 
negative, the candidate path which was not used is reg- 
istered in the candidate path management table so as to 
reserve the candidate path {FIG.26-(3)). Then, the oper- ss 
ation is ended (FIG.26-(7)). 

A description will now be given, with reference to 
FIG.27. of the sixteenth enr^xxiiment of the present 



invention. FIG.27 is an illustration for explaining 
attributes added to the path status management table. 

"path type" indicates whether the candidate path 
comprises both a wire path and a radio path or a 
wire path alone. 

"time stamp" indicates a time when a candidate 
zone selecting means starts a setting of a candi- 
date path. 

When a handover request signal is received, and if 
the path type shown in FIG.27 indicates a wire path and 
the candidate path status indicates a setting, a sum of 
"a predicted time until a setting of the candidate path is 
completed" and "a predicted process delay time for set- 
ting a radio path" is calculated by referring to the time 
stamp. The sum is compared with "a predicted process 
delay time when a handover is performed by a conven- 
tional procedure". If the former is less than the later, a 
setting of the radio path Is started after a completion of 
a setting of the candidate path. If it is determined that 
the later is less than the former, a handover Is per- 
formed by a conventional procedure without waiting for 
a completion of the setting of the candidate path. 

It should be noted that prediction of a process time 
needed for setting the candidate path and a process 
delay due to a corrventional procedure can be per- 
formed by referring to information by the exchange, the 
information being previously obtained with respect to an 
average process delay time for setting the candidate 
path in a form corresponding to a rate of use of a CPU 
of the terminal or a number of candidate paths. Addi- 
tionally, accuracy of the prediction can be increased by 
obtaining information with respect to the average proc- 
ess time by considering a status of load of a CPU of an 
adjacent exchange. 

A description will now be given, with reference to 
FIG.28, of the seventeenth embodiment of the present 
invention. 

The exchange 235 predicts a time for completing a 
setting of the candidate path by the candidate zone 
selecting means (FIG.28-(1)) in accordance with a rate 
of use of its own CPU or a number of candidate paths to 
be set with respect to a completed call (refer to the six- 
teenth emt>odiment for a method for prediction). Then, a 
time of occurrence of the handover request is predicted 
(FIG.28-(2)). It is then determined whether or not the 
time predicted in the steps (1) and f 2) of FIG.28 is less 
than a predetermined threshokJ value (FIG.28-(3)). If a 
result of the determination is affirmative, a handover is 
started by a conventional procedure (FIG.28-(4)). If a 
result of the determination is negative, a setting of the 
candidate path comprising a wire path Is performed 
(FIG.28-(5)). Then, the operation Is ended (FIG,28-(6)). 

A description will now be given, with reference to 
FIG.29, of the eighteenth embodiment of the present 
invention. 

The candidate zone selecting means determines a' 
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trunk used when the candidate path is set with respect 
to the selected candidate cell (FIG.29-(1)). Then, the 
candidate zone selecting means obtain a ratio of a conv 
munication band assigned to the trunk determined in 
step (1 ) (FIG.29-( 1 )) to a ratio of a communication band 5 
actually used (FIG,29-(2)), 

It is then determined whether or not the ratio 
obtained in step (2) (FIG.29-(2)) exceeds a predeter- 
mined threshold value (FIG.29-(3)). If a result of the 
determination is affirmative, the operation of the candi- 10 
date zone selecting means is ended without setting a 
candidate path (FIG.29-(5)). If a result of the determina- 
tion is negative, the candidate zone selecting means 
starts setting a candidate path with respect to the candi- 
date cell(FIG29-(4)). Then, the operation is ended is 
(FIQ.29-(5)). 

In the above-mentioned first embodiment, although 
a procedure of a process is not described when all of 
the moving patterns cannot be applied to the candidate 
cell, the subscriber responsive table 253 or the moving 20 
pattern table 254 may be used, for example, instead of 
the moving pattern table 251 so as to select a candkJate 
cell similar to the third embodiment. 

Additionally, in the third embodiment, although the 
there is no description of a procedure of a process in a 25 
case in which all of the moving patterns registered in the 
subscriber responsive pattern table 253 or moving pat- 
tern table 254. a cell having a probability exceeding a 
predetermined threshold value may be selected as a 
transferee cell. Othenvise, when a direction of move- so 
ment of the nrK)bile station 231 can be detected and 
there is unevenness in a probability of movement of the 
mobile station 231 with respect to adjacent cells, candi- 
date cell may be selected based on the probability of the 
movement. 35 

Additionally, in the description of the third embodi- 
ment, although a period for obtaining a history used for 
dynamically updating a moving pattern, such a history 
may be obtained not only for a period of communication 
but also for a radio zone in which each mobile station is 40 
located based on a control procedure for setting a radio 
channel. 

In the tenth embodiment, although the upper limit 
value of the number of the candidate cells is set based 
on a single criterion, any one of the following values 4S 
may be adopted as the upper limit value of the number 
of the candidate cells. 

(1) A maximum value of an upper limit values (here- 
inafter referred to as a plurality of upper limit values) so 
of the number of the candidate cells obtained in the 
same manner as that of the tenth embodiment. 

(2) A minimum value of the plurality of upper limit 
values. 

(3) An upper limit value obtained base on the ss 
attribute (criterion) having a maximum priority from 
among the plura&ty of upper limit values, the priority 
being priorty obtained to be adopted to a form of a 



system structure or an operation with respect to 
attributes, such as a communication quality, a 
number of connections, a probability of loss, a level 
of congestion o a speed of movement of a mobile 
station, which are criteria for obtaining the plurality 
of upper limit values. 

(4) A value of weighted average of the plurality of 
upper limit values based on the above-mentioned 
priority as a weight. 

(5) An integer obtained by rounding an average 
value of the plurality of upper limit values. 

Additionally. In the above mentioned embodiments, 
although a number of calls or connections is adopted as 
resources used for determining an upper limit value of 
the number of cells to be selected witii respect to a com- 
pleted call, such resources may be any one which can 
be adapted to a service to be provided to the mobile sta- 
tion 231 or a form of an operation required for the 
mobile exchange 235 or the radio base stations 233-1 
to 233-N. 

Additionally, in the above-mentioned embodiments, 
no description is provided as to aiteria which is used for 
determining a time to start a release operation with 
respect to a path which was previously set for a candi- 
date cell which was not tumed to a transferee cell when 
the transferee cell is fixed. Either one of the followings 
may be adopted as the criteria: 

(1 ) when a cell which does not correspond to one of 
the candidate cells is determined as a transferee 
cell; or 

(2) when a completed call is ended (includes a case 
in which the completed call is forcibly disconnected 
based on a procedure of a call process or a setting 
control of a radio channel). 

Additionally, in the first to twelfth embodiments, 
although a procedure of a process for selecting a path 
to be released from among patiis priorly set to the can- 
didate cells, the processor 241 may start a timer of a 
predetermined time interval at a time when the path is 
set so as to release a path corresponding to the timer 
that is expired is completed (excluding a path of the 
transferee cell). It should be noted that the criterion (a 
distance between a transferee cell and a candidate cell) 
for selecting a path to be released which is used in the 
thirteenth embodiment may be used together with the 
atx>ve-mentioned timer. 

Additionally, in the above-mentioned embodiments, 
although a level of a transmission quality is recognized 
based on an electric field intensity, it is not limited to tiie 
electric field intensity and, for example, the transmission 
quality may be recognized k>ased on a bit error rate of a 
pilot signal transmitted and received in accordance with 
a procedure of a setting control of a radio channel or an 
error on a signal space. 

Further, in the above-mentioned emtxxtiments. 
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although the radio base stations 233-1 to 233-N are 
located in a different site from the rrK>bile exchange 235 
and are connected via the transmission paths 234-1 to 
234-N. the present invention is not limited to a mobile 
communication system having such a structure. That is, 5 
the present invention may be applied to a mobile com- 
munication system comprising a single mobile 
exchange and an apparatus having a function equiva- 
lent to the radio base stations 233-1 to 233-N which 
apparatus is connected to the mobile exchange. 10 

Additionally, in the above-mentioned embodiments, 
although a function of each of the radio base stations 
233-1 to 233-N and the mobile exchange 235 is not spe- 
cifically described, a function may be distributed in any 
mode to the radio base stations 233-1 to 233-N and the is 
mobile exchange 235 as long as the function to be 
added to achieve the atxyve-mentioned first to thirteenth 
embodiments conforms to a setting control of a radio 
channel and a control procedure of a call process. 

Further, in the above-mentioned embodiments, 20 
although a zone structure, a method of a setting control 
of a radio channel and a transmission system (a modu- 
lation method or a multi-connection method) applied to 
the radio channel are not specrftcally described, the 
present invention can be applied irrespective of a zone 25 
structure, a method of a setting control of a radio chan- 
nel and a transmission system applied to the radio 
channel. 

Additionally, in the above-mentioned embodiments, 
although for the most part of the process related to the 30 
present Invention is performed by the processor 241 
provide in the mobile exchange 235. the present inven- 
tion is not limited to such a structure and. for example, 
the load may be dispersed to the mobile exchange 235 
and the radio base stations 233-1 to 233-N so as to per- 35 
form an equivalent process and the mobile exchange 
235 and the radio base stations 233-1 to 233-N may be 
unitized. 

Additionally, in the atx>ve-mentioned embodiments, 
although a setting of a path is performed on a candidate 40 
cell formed under control of the mobile exchange differ- 
ent from the mobile exchange in which a completed call 
is originated in the same manner as that of other candi- 
date cells and a communication path is formed when 
the candidate cell becomes a transferee cell, a commu- 45 
nication path may be formed concurrently with a setting 
of a path by the mobile exchange for such a candidate 
cell formed under a control of a different mobile 
exchange. 

Additionally, in such a case, the at>ove -mentioned so 
path may be set to a transmission path provided 
between the mobile exchanges in accordance with a 
procedure of a call process. 

Additionally, in the above-mentioned embodiments, 
although the datat>ase 240 is provided to the mobile ss 
exchange 235. the database 240 may be provided to a 
service control node via a predetermined signal link as 
shown by dashed lines in FIG.3. 



It should be noted that in the above-mentiond 
embodiments, although the moving pattern storing 
means, the moving pattern history means, the shift 
probability storing means, the candidate zone selecting 
means, the moment predicting means, the moving 
speed measuring means and the transmission quality 
measuring means are located on the network side, a 
dispersion of functions may be attempted between the 
mobile station and the mobile exchanges by locating 
these means in the mobile station. That is, by locating 
these means in the mobile station, the mobile station 
can select a candidate cell by Itself. This can greatly 
reduce a process load of the network. 

The present invention is not limited to the specifi- 
cally disclosed embodiments, and variations and modi- 
fications may be made without departing from the scope 
of the present invention: 

Claims 

1 . A mobile communication system comprising: 

a plurality of radio base stations (12-1 to 12-N) 
forming respective radio communication zones 
according to one of a small zone structure and 
a sector structure, each of said radio base sta- 
tions performing a radio channel setting control 
including a handover with respect to a call orig- 
inated for a mobile station (1 1] located in one of 
said radio communication zones: and 
an exchange (13) connected to each of said 
radio base stations via a communication link so 
that said exchange performs a call process of 
said call in association with the radio channel 
setting control performed by said radio base 
stations. 

said mobile comnrunication system further 
comprising: 

a moment predicting unit (14) which pre- 
dicts, after said call becomes a completed 
call arxi prior to a handover operation, a 
movement of said mobile station from one 
of said radio communication Zones in 
which said mobile station is located to 
another one of said radio communication 
zones adjacent to said one of said radio 
communication zones, a prediction of said 
movement being performed based on at 
least one of procedures of the radio chan- 
nel setting control and the call process; 
and 

a candidate zone selecting unit (15) which 
is activated when said movement is pre- 
dicted by said nnoment predicting unit so 
as to select candidate radio communica- 
tion zones which are candidates of a trans- 
feree of said completed call, said" 
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candidate zone selecting unit acquiring a 
free radio channel of said candidate radio 
communication zones, said candidate 
zone selecting unit forming a path con- 
nected to said acquired free radio channel 5 
in said communication link. 

A mobile communication system comprising: 

a plurality of radio base stations (12-1 to 12-N) 10 
forming respective radio communication zones 
according to one of a small zone structure and 
a sector structure, each of said radio base sta- 
tions performing a radio channel setting control 
including a harxJover with respect to a call orig- is 
inated for a mobile station (11) located in one of 
said radio communication zones; and 
an exchange (13) connected to each of said 
radio base stations via a communication link so 
that said exchange performs a call process of 20 
said cat! in association with the radio channel 
setting control performed by said radio base 
stations. 

said mobile communication system further 
comprising: 2s 

a moment predicting unit (14) which pre- 
dicts, after said call becomes a completed 
call and prior to a handover operation, a 
movement of said mobile station from one 30 
of said radio communication zones in 
which said mobile station is located to 
another one of said radio communication 
zones adjacent to said one of said radio 
communication zones, a prediction of said 35 
movement being performed based on at 
least one of procedures of the radio chan- 
nel setting control arKi the call process; 
and 

a candidate zone selecting unit (21) which 40 
is activated when said movement is pre- 
dicted by said moment predicting unit so 
as to select candidate radio communica- 
tion zones which are candidates of a trans- 
feree of said completed call, said 45 
candidate zone selecting unit forming a 
path corresporKfing to said communication 
link to said candidates of a transferee. . ' - 

wherein each of said radio base sta- 
tions includes means for determining so 
whether or not said transferee corre- 
sponds to one of said radio communication 
zones during a process of a handover of 
said completed call and for acquiring a free 
radio channel of said one of said candidate ss 
radio communication zones when a result 
of a determination is affirmative, said 
means connecting said acquired free radio 



channel to the communication link formed 
by said candidate zone selecting unit. 

3. A mobile communication system comprising: 

a mobile station (31) which can be located in 
one of a plurality of radio communication zones 
according to a small zone structure or a sector 

structure; 

a plurality of radio base stations (32-1 to 32-N) 
forming said respective radio communication 
zones, each of said radio 'base stations per- 
forming a radio channel setting control includ- 
ing a handover with respect to a call originated 
for said mobile station located in one of said 
radio communication zones; and 
an exchange (33) connected to each of said 
radio base stations via a communication link so 
that said exchange performs a call process of 
said call in association with the radio channel 
setting control performed by said radio t>ase 
stations, 

said mobile communication system further 
comprising: 

a candidate zone notification unit (35) 
which selects, after said call becomes a 
completed call, candidate radio communi- 
cation zones which are candidates of a 
transferee of the completed call so as to 
announce the candidate radio communica- 
tion zones to said mobile station; and 
a candidate zone selecting unit (36) which 
acquires a free radio channel of the candi- 
date radio communication zones selected 
by said candidate zone selecting unit when 
a request is provided from said mobile sta- 
tion, and forms a path connected to said 
radio channel in said communication link, 
wherein said mobile station (31) 
includes a moment predicting unit (3'^ 
which predicts a movement of said mobile 
station from one of said radio communica- 
tion zones in which said mobile station is 
located to another one of said radio com- 
munication zones adjacent to said one of 
said radio communication zones, and 
when a result of a prediction indicates one 
of the candidate radio communication 
zones announced by said candidate zone 
notification unit, said moment predicting 
unit provides she result to said candidate 
zone selecting unit as said request. 

4. A mobile communication system comprising: 

a mobile station (31) which can be located in 
one of a plurality of radio communication zones 
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according to a small zone structure or a sector 
structure: 

a plurality of radio base stations (32-1 to 32-N) 
forming said respective radio communication 
zones, each of said radio base stations per- s 
forming a radio channel setting control includ- 
ing a handover with respect to a call originated 
for said mobile station located in one of said 
radio communication zones; and 
an exchange (33) connected to each of said io 
radio base stations via a communication link so 
that said exchange performs a call process of 
said call in assodation with the radio channel 
setting control performed by said radio base 
stations, is 
said mobile communication system further 
comprising: 

a candidate zone notification unit (35) 
which selects, after said call becomes a so 
completed call, candidate radio communi- 
cation zones which are candidates of a 
transferee of the completed call so as to 
announce the candidate radio communica- 
tion zones to said mobile station: and 25 
a candidate zone selecting unit (41) which 
selects the candidate radio communication 
zones selected by said candidate zone 
notification unit when a request is provided 
from said mobile station, and forms a com- 30 
munication link to the radio base station In 
said candidate radio communication zone. 

wherein said mobile station (31) 
includes a moment predicting unit (37) 
which predicts a movement of said mobile 35 
station from one of said radio communica- 
tion zones in which said mobile station is 
located to another one of said radio com- 
munication zones adjacent to said one of 
said radio communication zones, and 40 
when a result of a prediction irxlicates one 
of the candidate radio communication 
zones announced by said candidate zone 
notification unit, said moment predicting 
unit provides tSne result to saki candidate 4S 
zone selecting unit as sakl request: and 
each of said radio base stations includes 
means for determining whether or not said 
transferee conresponds to one of said radio 
communication zones during a process of so 
a handover of said completed call and for 
acquiring a free radio channel of said one 
of sakJ candidate radio communication 
zones when a result of a determination is 
affirmative, said means connecting said ss 
acquired free radio channel to the commu- 
nication link formed by saki candidate 
zone selecting unit. 



5. The mobile communication system as claimed in 
one of claims 1 to 4, characterized by a moving pat- 
tern storing unit (51) in which a moving pattern is 
previously registered, said moving pattern indicated 
by a permutation of discrimination information with 
respect to said radio communication zones through 
which one of a railway or a road crosses, 

wherein said candidate zone selecting unit 
selects, as said candidate radio communication 
zones, subsequent radio communication zones 
indicated by a moving pattern having a high corre- 
lation with sakj moving paflef-n registered in said 
nrKiving pattern storing unit (51). the moving pattern 
having a high correlation corresponding to a train of 
discrimination information including a current radio 
communication zone in which said mobile station is 
cunrentiy located and a previous radio communica- 
tion zone in which said mobile station w^ previ- 
ously located. 

6. The mobile communication system as claimed in 
one of claims 1-4. characterized by a moving pat- 
tern storing unit (61) in which a moving pattern 
announced by a subscriber of saki mobile station is 
previously registered, sakj moving pattern indicated 
by a permutation of discrimination information with 
respect to said radio communication zones through 
which one of a railway or a road crosses so that 
said mobile station moves along said one of the rail- 
way or the road with a high probability, 

wherein saki candidate zone selecting unit 
selects, as said candidate radio communication 
zones, subsequent radio communication zones 
indicated by a moving pattern having a high conre- 
lation witii sakj moving pattern registered in said 
moving pattern storing unit (61). the moving pattern 
having a high conelation corresponding to a train of 
discrimination information including a current radio 
communication zone in which sakj mobile station is 
currentiy located and a previous radio communica- 
tion zone in which said mobile station was previ- 
ously located. 

7. The mokMle communication system as claimed in 
one of claims 1 to 4, characterized by a moving pat- 
tern history unit (71) whteh obtains a history of the 
radio communication zones in which said nx^bile 
station is located from among sakJ plurality of radio 
communication zones so as to record the history as 
a train of discrimination information with respect to 
the radio communication zones without cooperating 
with said mobile station. 

wherein sakl candidate zone selecting unit 
selects, as said candkiate radio communication 
zones. sut>sequent radio communication zones 
incficated by a moving pattern having a high conre- 
lation with a moving pattern recorded in said mov- 
ing pattern history unit with respect to a mobile' 
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station in which a completed call is originated, the 
nfioving pattern having a high correlation corre- 
sporKling to a train of discrimination information 
including a current radio communication zone in 
which said mobile station is currently located and a 5 
previous radio communication zone in which said 
mobile station was previously located. 

8. The mobile communication system as claimed in 
one of claims 1 to 4, characterized by a moving pat- 10 
tern history unit (81) which obtains a history of the 
radio communication zones tn which said mobile 
station is located from among said plurality of radio 
communication zones so as to record the history as 

a train of discrimination information with respect to is 
the radio communication zones by cooperating with 
said mobile station. 

wherein said candidate zone selecting unit 
selects, as said candidate radio communication 
zones, subsequent radio communication zones so 
indicated by a moving pattern having a high corre- 
lation with said moving pattern recorded in said 
moving pattern history unit with respect to a mobile 
station in which a completed call is originate, the 
moving pattern having a high correlation corre- 25 
spending to a train of discrimination information 
including a current radio communication zone in 
which said mobile station is currently located and a 
previous radio communication zone in which said 
mobile station was previously located. 30 

9. The mobile communication system as claimed in 
one of claims 1 to 4, characterized by a shift proba- 
bility storing unit (91) which stores a probability to 
become a radio communication zone to be hando- 35 
ver with respect to each of said plurality of radio 
communication zones, the probability being previ- 
ously obtained by a simulation or an actual meas- 
urement based on a distribution of at least one of a 
road and a railway arxt a distritxition of a traffic of 40 
said mobile station in at least one of the road and 

the railway, 

wherein said candidate zone selecting unit 
includes means for excluding a candidate radio 
communication zone having the probability less 45 
than a predetermined lower limit value from among 
the probabilities registered in said shift probability 
storing unit or providing a higher priority as the 
probability of shift is higher. 

so 

10. The mobile communication system as claimed in 
one of claims 1 to 4. characterized by an adjacent 
zone storing unit (101) in which discrimination infor- 
mation of the radio communication zones adjacent 

to each of said plurality of radio communication 55 
zones is registered, 

wherein said candidate zone selecting unit 
includes means for determining whether or not the 



selected candidate radio communication zone cor- 
responds to a radio communication zone adjacent 
to a radio communication zone which is a trans- 
feree so as to exclude a candidate radio communi- 
cation zone to which a negative result of a 
determination is made. 

11. The mobile communication system as claimed in 
one of claims 1 to 4, characterized by a zone struc- 
ture storing unit (111) in which a correspondence 
between each of said plurality of radio communica- 
tion zones and an exchange controlling radio base 
stations forming the respective radio communica- 
tion zones is previously stored, 

wherein said candidate zone selecting unit 
includes means for selecting, from among the 
selected candidate radio communication zones, a 
candidate radio communication zone formed by a 
radio base station controlled by an exchange which 
is different from an exchange having a radio base 
station forming a radio communication zone corre- 
sponding to a transferee by referring to the corre- 
spondence stored in said zone structure storing 
unit so as to exclude remaining candidate radio 
communication zones other than said candidate 
radio communication zone based on an attribute of 
a completed call obtained based on at least one of 
the radio channel setting control and the call proc- 
ess. 

12. The mobile communication system as claimed in 
claim 11, characterized in that the attribute of the 
completed call of which candidate radio communi- 
cation zone is to be excluded is a service quality 
required for the completed call which should be less 
than a predetermined threshold valua 

13. The mobile communication system as claimed in 
one of claims 1 to 4. characterized by an adjacent 
zone storing unit (101) in which discrimination infor- 
mation with respect to each of said plurality of radio 
communication zones is stored, 

wherein said candidate zone selecting unit 
determines whether or not a service quality 
required for the completed call is greater than a pre- 
determined threshold level so as to obtain all of 
radio communication zones adjacent to the radio 
. -'communication zone in which said mobile station 
having a completed call is located when a result of 
a determination is affirmative, said candidate zone 
selecting unit selecting the obtained radio commu- 
nication zones as the candidate radio communica- 
tion zones. 

14. The mobile communication system as claimed in 
one of claims 1 to 4. characterized in that an asyn- 
chronous transfer mode is applied to said communi- 
cation link, and said candidate zone selecting unit 
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logically forms a path without occupying a transmis- 
sion band of said communication linK 

wherein said radio base station and said 
exchange include means for acquiring a transmis- 
sion band of a path formed by said candidate zone 5 
selecting unit with respect to the candidate radio 
communication zone which corresponds to a trans- 
feree of the completed call based on procedures of 
the radio channel setting control and the call proc> 
ess. to 

15. The motile communication system as claimed in 
claim 14, characterized in that said radio base sta- 
tion and said exchange include means for deter- 
mining whether or not the candidate radio is 
communication zone selected by said candidate 
zone selecting unit has a possibility to become a 
transferee of a completed call based on the proce- 
dures of the radio channel setting control and the 
call process so as to release the acquired transmis- 20 
sion band of a path of a candidate radio communi- 
cation path to which a negative result of a 
determination is made. 

16. The mobile communication system as claimed in 25 
one of claims 1 to 4. characterized in that said 
exchange includes means for obtaining a priority of 
sen^ices required for a completed call based on the 
procedure of the call process, and said candidate 
zone selecting unit includes means for setting a 30 
higher value to an upper limit value of a nunr^er of 
selectable canddate radio communication zones 
with respect to said completed call as the priority 
obtained by said exchange is increased. 

35 

17. The mobile communication system as claimed in 
one of claims 1 to 4, characterized in that said 
exchange includes means for obtaining a service 
quality required for a completed call based on the 
procedure of the call process, and said candidate 40 
zone selecting unit includes means for setting a 
higher value to an upper limit value of a number of 
selectable cancfidate radio communication zones 
with respect to said completed call as the service 
quality obtained by said exchange is increased. 45 

18. The mobile communication system as claimed in 
one of claims 1 to 4, characterized in that said 
exchange includes means for obtaining an amount 

of resources assigned to a completed call, and said so 
candidate zone selecting unit includes means for 
setting a higher value to an upper limit value of a 
number of selectable candidate radio communica- 
tion zones with respect of said completed call as 
the amount of resources obtained by said exchange ss 
is increased. 

19. The motxie communication system as claimed In 



one of claims 1 to 4. characterized in that said 
exchange includes means for obtaining an amount 
of resources assigned to a completed call, and said 
candidate zone selecting unit includes means for 
setting a lower value to an upper limit value of a 
number of selectable candidate radio communica- 
tion zones with respect to said completed call as 
the amount of resources obtained by said exchange 
is increased. 

20. The mobile communication system as claimed in 
one of claims 1 to 4, characterized in that said 
exchange includes means for measuring its call 
incompletion rate of probability, and said candidate 
zone selecting unit sets a lower value to an upper 
limit value of a number of selectable candidate 
radio comnrunication zones with respect to said 
completed call as the rate of probability measured 
by said exchange is increased. 

21. The mobile communication system as claimed in 
one of claims 1 to 4. characterize in that said 
exchange includes means for measuring a level of 
congestion of said exchange, and said candidate 
zone selecting unit sets a lower value to an upper 
limit value of a number of selectable candidate 
radio communication zones with respect to said 
completed call as the level of congestion measured 
by said exchange is increased. 

22. The mobile communication system as claimed in 
one of claims 1 to 4. characterized by a moving 
speed measuring unit (121) which measures a 
speed of movement of said mobile station in which 
a completed call is originated, 

wherein said candidate zone selecting unit 
sets a higher value to an upper limit value of a 
number of selectable candidate radio communica- 
tion zones with respect to said completed call as 
the speed measured by said moving speed meas- 
uring unit is increased. 

23. The mobile communication system as claimed in 
one of claims 1 to 4, characterized by a transmis- 
sion quality measuring unit (1 31 ) which measures a 
transmission quality at a predetermined frequency 
with respect to a completed call, 

wherein said moment predicting unit predicts 
whether said mobile station in which said com- 
pleted call is originated moves to one of the adja- 
cent radio communication zones when the 
transmission quality is measured by said transmis- 
sion quality measuring unit. 

24- The fxtotoile communication system as claimed in 
one of claims 1 to 4. characterized by a transmis- 
sion quality measuring unit (131) which measures a 
transmission quality at a predetermined frequency 



27 



53 



EP0 859 476 A2 



54 



with respect to a completed call, 

wherein said moment predicting unit predicts 
that said mobile station In which said completed call 
is generated moves to one of the adjacent radio 
communication zones when the transmission qual- 5 
ity of a current radio communication zone is less 
than a predetermined threshold value or when the 
transmission quality of one of the adjacent radio 
communication zones is greater than the predeter- 
mined threshold value. w 

25. The mot)ile communication system as claimed in 
one of claims 1 to 4. characterized by a transmis- 
sion quality measuring unit (141) which measures a 
transmission quality and a rate of change in the is 
transmission quality at a predetermined frequency 
with respect to a completed call. 

wherein said moment predicting unit predicts 
a moment when said mobile station in which said 
completed call is generated moves to one of the 20 
adjacent radio communication zones when the 
transmission quality of a current radio communica- 
tion zone is less than a predetermined threshold 
value and based on the rate of change measured 
by said transmission quality measuring unit or when 25 
the transn^ssion quality of one of the adjacent radio 
communication zones is greater than the predeter- 
mined threshold value and base on the rate of 
change measured by said transmission quality 
measuring unit. 30 

26. The mobile communication system as claimed In 
one of claims 1 to 4, characterized by a moving 
speed measuring unit (151) which measures a 
speed of movement of said mobile station In which 35 
a completed call is originated. 

wherein said moment predicting unit predicts 
a moment of nrwvement of said mok>ile station to 
one of the adjacent radio communication zones to 
be earlier as the speed measured by said moving 40 
speed measuring unit is Increased. 

27. The mobile communication system as claimed in 
one of claims 1 to 4. characterized by a distance 
storing unit (161) in which a geographic distance 45 
between adjacent radio communication zones for 

all combinations of two radio communication zones 
in said plurality of radio communication zones, 

wherein said radio base station arxf said 
exchange comprise means for releasing a path so 
formed by said candidate zone selecting unit, the 
path being formed for a candidate radio communi- 
cation zone having the distance registered in said 
distance storing unit as a combination of radio com- 
munication zones corresponding to a transferee 55 
which Is greater tfian a predetermined threshold 
value from among candidate radio communication 
zones selected by said candidate zone selecting 



unit. 

28. The mobile communication system as claimed in 
one of claims 1 to 4. characterized in that said 
exchange includes means for deternrrining whether 
or not a transferee of said mobile station corre- 
sponds to one of the candidate radio communica- 
tion zones selected by said candidate zone 
selecting unit in a process of a handover of the 
completed call so as to use a communication link 
set to the candidate radio communication zone for a 
call or a handover when a resulf of a determination 
is negative. 

29. The mobile communication system as claimed In 
one of claims 1 to 4. characterized in that said 
exchange includes means for determining whether 
or not a transferee of said nx)bile station conre- 
sponds to one of the candidate radio communica- 
tion zones selected by said candidate zone 
selecting unit In a process of a handover of the 
completed call so as to determine whether a 
method for releasing or a method for storing is 
applied to a communication link set to the candidate 
radio communication zone when a result of a deter- 
mination Is negative. 

30- The mobile communication system as claimed in 
one of claims 1 to 4. characterized in that said 
exchange includes means for determining whether 
to acquire a radio channel after a completion of a 
setting of a communication link by said candidate 
zone selecting unit or to perform a handover without 
waiting for the completion of the setting of the com- 
munication link when a handover request is gener- 
ated by said mobile station during a setting 
operation of the communication link by said candi- 
date zone selecting unit. 

31. The mobile communication system as claimed in 
one of claims 1 to 4. characterized in that said 
exchange predicts a time when a setting of the 
communication link Is completed by said candidate 
zone selecting unit and a time when a handover 
request is generated, and when it Is determined 
that the time when the setting of the communication 
link and the time when the handover request is gen- 
erated are short, said exchange performs a hando- 
ver and otherwise said exchange performs a setting 
of the communicatk>n link prior to a handover. 

32. The mobile communication system as claimed in 
one of claims 1 to 4. characterized in that said 
exchange does not perform a setting of a communi- 
cation link by said candidate zone selecting unit 
when a level of use of its own resources exceeds a 
predetermined threshokS value. 
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WITH RESPECT TO 
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